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F703HG.T25|�.TA£:ÆCXH�HG_3F{máW�F�W¶DY_N.¬2GCEk�_?DçF7�*-½CXk J í J à*F7DY.ÇDY_/6"Dd6�-/.12GrÇCXqX670ßwB2GF7DGF�W
R	25CE|7.12*j32GF�k72Y67r m±F�43qEAñj3qX6f8�6 43W3CEâ�43.d67WNAñP125CEDGCXPf6"q£2GF�qE.�CEW�DG_3.çk7qXF�0/6"qéHG.f6"2GPa_
�zF72 i wß|�CXF7qö6"DGCXF�W�67W3AªCXWdDG_3.oj325.1PTCXHGCEF�W¼rÇ.f67H5432G.Tr .TW�DGH DY_/6�D m�F743qXA¼0`.�2G.Tâ�4NCX2G.TA
�zF7qXqXF{máCEW3kçA3CEHGPTF�|7.12è8 J
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K Jáã W S Z]� Ì<Í1ÎPÏ]Ð$Ñ�Ò�Ó× DG_3.v43W3CEâ�4N.	P1F�W?DG2GCX0N4NDYCEF�WsF7�ÁDG_3.v-/.125r CEqö670 wB2GF7DGF�W$R	2GCn|�.12±0/67H5.1A
.xäNj`.125CXrÇ.1W?DYHoDGF¼DY_3.�k�qEF�0/67qKW3.14NDG2GCEW3F¼F�HGPTCXqEqö6"DGCXF�W j32GF�k72Y67r m�F743qXA�0K.	DGFPT
å©6�æ�pv2G.16"DYqn8sCEr jN2GF{|�.	F7432og�W3F{máqX.TA3k�.vF7�ÁDY_N.vW3.14NDG2GCEW3F¼rs6"HGH�HGj`.1P[DY2543r 0?8�r 67g�CXW3k

DG_3.¹*32GH5D&A3.TDG.125r CEW/6"DYCEF�W$F7� DG_3.çW3.T4NDY25CXW3FÇr 67HGH*_3CX.T2Y6725Pa_?8 J R	.1j`.1W3A3CEW3kÇF�WñDY_N.
F7HGP1CEqXqX6"DYCEF�W¼j/672G67r .[DY.T2GH1:�DYFç67Pa_3CE.T|�.ÂDY_3CEH±k�F�67q<r CEk�_?D±25.1â�43CE2G.	6�rd43qnDYCnê´H5DG.1jÇj32GF"ê
k72Y67r�: 67WNA(rÇCXk�_?D�2G.Tâ�4NCX2G. P1F�rç03CXW3CEW3k�-<.T2GrÇCXqX670õwB2GF7DGF�W×R	2GCn|�.T2�25.1HG4NqEDYH�máCEDG_
25.1H543qEDGH	�z2GF�r HG_NF�25DG.12	0/6"HG.1qECXW3.�.[ä�j`.12GCEr .TW?DYHÇåz�zF72&.[äN67rÇj3qE.7:£6"W×¨�Ë7®7�5�?À��GÀç�*; ~
.xä�jK.T2GCXrÇ.1W?DçCXW L 6"j/67W<æ JÄS F{m±.T|7.121:ÆCEW¶67qEqBPf67H5.1HdDY_N.¬wB2GF7DGF�W×R	25CE|�.T2�jN2GF�k�2G67r
máCEqXq£jN2GF{|�CXA3.vDY_N.�PT2G43PTCö67q£rÇ.f6"HG4325.1rÇ.1W?DYH*W3.1.TA3.1A�DYFÇA3.TDG.125r CEW3.	DY_3.�j/6�DGDY.T2GW�F7�
WN.14NDG2GCXWNFÇr 67H5HG.1H�åzHG.1.�-uCEk J í{æ J

å]0/æ$@BW/6"03qX.¬DG_3.-*/2GHèDªHG.TW3HGCnDYCE|7.�HG.1672GPa_3.THÇ�zF72 i w |�CXF7qö6"DGCXF�W CXW(DG_3.$qX.1j�DYF�W¶H5.1P[DYF�2 J
��_NCXHám�F�4NqXAñ0`.�j/6725D*F7�B6Çk�qEF�0/67q¢j32GF�k72Y67r�:<67W3A�máCXqXq¢2G.1â�43CE2G.�6 wB25F7DYF�WñR	2GCn|�.12
jN2GF�k�2G67r máCEDY_ rd43qEDGCXj3qE.$A3.TDG.1PTDGF�2GH$6"W3A#á"F�2¬67A3A3CnDYCXF7W/67q�2G.THG43qnDYHs�z25F�r HG_3F�2èDY.T2
0367HG.TqXCXWN.�.[ä�jK.T2GCEr .TW�DGH1:Æ�zF�2d.xä36"r j3qE.¬�z2GF�r 67WV¨�Ë7®7�5�?À��GÀ��*; ~ .xä�jK.T2GCXrÇ.1W?DªCEW
L 6"j/67WVåzHG.1.¬-uCXk J í�æ J à*F7DY.ÇDY_/6�D¼6Ä-/.125r CEqö670õwB25F7DYF�W¶R	2GCE|7.12�j32GF7k�2Y67r m±F�43qEA
jNqö6f8¬6�43W3CXâ�43.	67W3A¬PT2GCEDGCXP167q<2GF�qE.&CXWÇDY_3.&k�qXF�0367q<HG.f6"2GPa_��zF�2 i w×|�CXF�qX6"DYCEF�WÇ67W3A�CEW
DG_3.�j32G.TP1CEHGCXF7W�rÇ.f6"HG4325.1rÇ.1W?DYHoDG_/6"D�m±F�43qXA$0`.�2G.1â�43CE2G.TA��zF�qEqXF{máCXWNkçA3CEHGP1F{|7.1258 J

Z Jáã W S Z]� Ì<Í1ÎPÏ]Ð$Ñ�Ò�ÓÚ DG_3.v43W3CEâ�4N.	P1F�W?DG2GCX0N4NDYCEF�WsF7�ÁDG_3.v-/.125r CEqö670 wB2GF7DGF�W$R	2GCn|�.12±0/67H5.1A
.xäNj`.125CXrÇ.1W?DYHoDGF¼DY_3.�k�qEF�0/67qKW3.14NDG2GCEW3F¼F�HGPTCXqEqö6"DGCXF�W j32GF�k72Y67r m�F743qXA�0K.	DGFPT
å©6�æ I CXk�W3CB*/Pf6"W�DGqE8×CEr jN2GF{|�.�F�432 g�WNF�máqE.1A3k7.ñF7� S Z]� 0?8 CXrÇj32GF{|�CXWNkßDG_3.ñH5.1W3H5CEDYCn|�CEDh80?8�6��]67PTDGF�2¼F7�v6��z.Tm J ��_3CXH¼máCEqXqoj34NHG_�DG_3. S Z]� HG.TW3HGCnDYCn|�CnDh8�67H¼�]672Ç67HªHG.T.1rÇHj`F�H5HGCX0NqX.v43H5CXW3kªP1F7W�|7.1W?DYCEF�W/67qéWN.14NDG2GCXWNF¼0K.167r HT:/67W3A$máCXqEq¢k�Cn|�.v.xäNj`.125CX.TW3P1.�máCEDG_

6 àÂ.T4NDY25CXW3F -<67PTDGF�258�PTqö67H5H*wÆ25F7DYF7WÄR	2GCn|�.T2çå]67W3A�jK.T2G_/6"j3H&6"WÄ67H5HGF�P1Cö6�DY.1A�rd43F7W
H5F�4325P1.{æ�HG_3F�4NqXAdCnDu0`.�W3.TP1.THGHY6"258dDGF&k�F&�z4N25DY_N.12u0?8�0343CEqXA3CEW3k*6	àÂ.T4NDY25CXW3Fv-<67P[DYF�2è8 J

å]0/æ$@BW/6"03qX.oDG_3.oW3.T4NDY25CXW3Fvr 67HGHu_3CX.T2Y6725Pa_�8�DYFv0`.�A3.TDG.125r CEW3.1AdmáCnDY_3CEW¼6	HGCEk�W3C(*3Pf67W?DYqn8
.xä�DY.1WNA3.1Aß2G.Tk�CXF�WñF7�·j/672Y6"r .[DY.12ÂHGj/6"P1.�å]H5.1.ª-uCEk J í�æ J ��_3CEH&máCXqEq½25.1â�43CE2G.¼6s|7.1258
qEF�W3kd0367HG.TqXCXWN.	.[ä�j`.12GCEr .TW?Dá67W3A�_3.TW3P1.�6dW3.[m 0`.f6"r qECXW3. J S F{m±.T|7.121:/DG_3CXH±0K.167rªê
qECXW3.vPTF�43qEA�0`.�0343CEqEDá67H*6¼HG.TP1F�WNAñj3_/6"HG.7:`6"��DG.12 S Z]� _/67Há0K.T.1W�A3.TDG.125r CEW3.1A�DYFÇ0`.*3W3CEDG.7:�F�2ç6"qEDY.T2GW/6�DYCE|7.1qn8�DG_3.¬wB2GF"DYF�W R	2GCn|�.12�PTF�r jNqX.[ä�P1F�43qEAßDG_3.1W .T|7F�qE|7.sCXW?DGF
6(àÂ.14�DY2GCEW3F -`6"PTDYF7258×má_3CEPa_ m�F743qXA�.1W/670NqX.$DY_3.�W3.14NDG2GCEW3F F7HGP1CEqXqX6"DYCEF�W×j3_?8�HGCXPTH
jN2GF�k�2G67rÝDGFª0K.�P1F7r j3qE.TDG.1A¬máCEDG_$_3CXk�_�jN2G.1PTCXH5CXF�W J

å]Pfæ$@BW/6"03qX.ª6�HG.1672GPa_ß�zF�2 i w |�CXF7qö6"DGCXF�W�CXW�DY_N.¼qX.1j�DYF�WõHG.TPTDGF�2�F�|7.12�6�HGCEk�W3C(*3Pf67W?DYqn8
.xä�DY.1WNA3.1Aß2G.Tk�CXF�WñF7�·j/672Y6"r .[DY.12ÂHGj/6"P1.�å]H5.1.ª-uCEk J í�æ J ��_3CEH&máCXqEq½25.1â�43CE2G.¼6s|7.1258
qEF�W3k	0367HG.TqXCXWN.o.[ä�j`.12GCEr .TW?DÆ67W3A¼_3.TW3P1.*6	W3.[m 0`.f6"r qECXW3.":767WNAªmáCEqXq�67qXH5F	2G.Tâ�43CX25.�6
®7�Y�G�7�] ¦�ª¨�Ë7®7�5�?À��GÀ&�*; ~ .[ä�j`.12GCEr .TW?D�å]F72o.1â�43Cn|76"qX.1W?Daæ J S F{m�.[|�.12T:/DY_3.v6"A3A3CEDGCXF�W367q
CEW?|�.1HèDYrÇ.1W?DÆP1F743qXAd0`.or 67A3.�67H 6	H5.1P1F7W3Aªj3_/67H5.7:?6"��DG.12 S Z]� _/6"H 0K.T.1W¼A3.[DY.T2GrÇCXW3.TADGFs0`.¬*/W3CEDG.7:/F�2*67qnDY.T2GW/6"DGCE|7.1qE8 DY_3.�wB2GF"DYF�W�R	2GCn|�.12áPTF�r jNqX.[ä�P1F�43qEA�DY_3.TWñ.T|7F�qE|7.
CEW?DYFÂ6Âà*.14NDG2GCXWNF&-<67P[DYF�2è8	má_3CXPa_�m�F743qXA�.1W/6"03qX.BDY_N.±W3.T4NDY25CXW3FáF�H5P1CEqXqö6�DYCXF7W	j3_?8�HGCXPTH
jN2GF�k�2G67rÝDGFª0K.�P1F7r j3qE.TDG.1A¬máCEDG_$_3CXk�_�jN2G.1PTCXH5CXF�W J

ã W H543rÇrs672è8�:£�zF�2�6"qXquDG_32G.T. S Z]� HGPT.1W/6725CXF�H	DG_3.125.ªCXH�6$H5DY25F�W3k$j3_?8�HGCEP1H�Pf67H5.Ç�zF�2�6�qEF�W3k"ê0/67H5.1qECXW3.*W3.14�DY2GCEW3FçF7HGP1CEqXqX6"DYCEF�Wdj325F�k�2Y6"r 6"Do6�W3.Tm�;�l$U -<.T2GrÇCXqX670ÇwÆ25F7DYF7W¬R	2GCn|�.T2 Juã WsHGP1.xê
W/6725CXF�H&åèí{æ±67W3A�å�;�æ DY_3.&rs67CEW PTF�W?DY25CX034NDGCXF�WNH±F7�¢DY_3.vwB25F7DYF�W¬R	2GCE|7.12·j32GF7k�2Y67r DGFçDY_N.	k�qXF70/67q
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W3.T4NDY25CXW3Fõj325F�k�2Y6"rÕ6725.�â�4/6"qXCEDY6"DYCn|�.TqE8ßHGCEr CEqö672�67W3A�DY_3.$.xäNj`.125CXrÇ.1W?Da6"q�j32GF�k72Y67rÇHdHG_3672G.�6
P1F7r rÇF�W&*32GH5D	H5DY.Tj J�ã W�HGP1.TW/6725CXFõå K æ*DY_N.¼wB2GF7DGF�WõR	2GCn|�.12*m�F743qXA�j325F{|�CEA3.�DG_3.¼qö6"H5D	H5CXk�WNC(*Nê
Pf6"W�DÂH5DG.1jñDG_/6"DÂPf67W�0K.�r 67A3.�máCEDY_�P1F7W�|7.1W?DYCEF�W/67qÁW3.T4NDY25CXW3F 0K.167rÇH1:`67W3A�j32G.Tj/672G.�DY_N.�m�6f8
å]F72�jK.T2G_/67jNH�.T|�F7qE|�.�CXW?DGF�æ�6ªàÂ.T4NDY25CXW3FÇ-<67PTDGF�258sj32GF7k�2Y67r J
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ã äæå Ô Ð å Ô;ç

è ÷ � ý{ü�þ � ÿ��7ý��zþ � è#è
é ê ú�ÿéý{ü�� � þ2ëF��� �����zûNý��zþ � � è$ì
; J í ��_32G.T.[êc%<6f|�F�2áW3.T4NDY25CXW3FªF�H5P1CXqEqö6"DGCXF�WNH J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J í{>
; J ; l�43F�W$W3.T4NDY25CXW3FªA3CEHY67jNjK.1672Y67WNP1. J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J í{9
; J K @BqX.1P[DY25F�W$W3.14NDG2GCEW3Fª67j3j`.f672G67W3PT. J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J í â

; J K J í ��_N.�rÇ.f6"HG4325.1rÇ.1W?DáF7� S Z]� J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J í â
; J K J ; l�6"DGDG.12�.U'K.1P[DYHÂ67W3A�DY_N.�r 67H5H�_3CX.T2Y6725Pa_�8¬A3.TDG.12GrÇCXW36"DYCEF�W J�J�J�J�J í â
; J K J K ��_N.�H5.1W3H5CEDGCE|�CEDh8 DYF¸í/î�ï J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J ;"=
; J K J Z i F7r j3qE.1rÇ.1W?Da6"2GCEDh8ªDGFÇ25.f67P[DYF�2�.xä�jK.T2GCXrÇ.1W?DGH J�J�J�J�J�J�J�J�J�J�J�J ; K

; J Z ��_3. ��I à&R 67W3F�r 67qn8s6"W3A?ð5W3.[máëoj3_?8�HGCXPTH J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J ; Z
; J > ��_3.1F72G.TDGCXP167qÁl�F7DGCE|"6"DGCXF�W3H·�zF�2áàÂ.T4NDY25CXW3F c H5P1CXqEqö6"DGCXF�W¬l�.f6"HG4325.1rÇ.1W?DYH J�J�J ; à

; J > J í l�F�A3.TqéwB2G.TA3CXP[DYCXF7W3H J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J ; à
; J > J ; ã rÇj3qECXPf6�DYCXF7W3H±F"�~ñ	4/67W?DG43r i F�252G.TPTDYCEF�W3H J�J�J�J�J�J�J�J�J�J�J�J�J�J K =
; J > J K ã rÇj/67P[DáF7�u-<4�DY4325.�l�.f67H5432G.Tr .TW?DYH*F�W$��_3.1F�2è8 J�J�J�J�J�J�J�J�J�J�J K í

ò H<��ú � û3ü��]þ��¼ø´þ<ü ê ú�ÿéý{ü�� � þ=ë¸��� �����zûNý��zþ � ��ûNý¸ó�ü�þ/ý{þ �õô ü����Kú�ü·H¢ýfû3ü{ý�ÿ�! ò#ò
K J í àÂ.T4NDY25CXW3F c HGPTCXqEqö6"DGCXF�Ws@ ä�j`.125CXrÇ.1W?DYH O .[�zF�2G.�wB2GF"DYF�W�R	2GCn|�.T2 I Da6"25DY4Nj J�J�J K1K

K J í J í i F7W�|7.1W?DYCEF�W/67qé0`.f6"r .[ä�j`.125CXrÇ.1W?DYH J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J K Z
K J í J ; ��_N."*32GH5Dèêhk�.TW3.12G6"DYCEF�W�HG4NjK.T2G0`.f67rÇH+ös÷]ø(67W3AIùsúû J�J�J�J�J�J�J�J K Z
K J í J K ��_N.�25.f67P[DYF�2�.xä�jK.T2GCXrÇ.1W?DGHMü~ý:þ ÿ�� ��������ý$ý
	&67W3A���������Ný�������� J�J�J�J�J K1à
K J í J Z ��_N. I _3F�25D O 67HG.TqXCXWN.�@ ä�j`.125CXrÇ.1W?D������
� �mý:ýPù�û J�J�J�J�J�J�J�J�J�J K1à

K J ; wB_�8�H5CXP1H I PT.1W/6725CXF�Há6�D*wÆ25F7DYF7W�R	25CE|7.12 I DY6725DG43j J�J�J�J�J�J�J�J�J�J�J�J�J�J�J K 9
K J ; J í ��_N.¹�/� �"! é$#%'& 0`F�43W3A��z2GF7r A3CB'¢.T2G.1W?Dá.xäNj`.125CXrÇ.1W?DYH J�J�J�J�J�J�J�J K 9
K J ; J ; ��_N.�rÇ.f6"HG4325.1rÇ.1W?DYHáF7�)(+* !&,% 67W3A # ! & J�J�J�J�J�J�J�J�J�J�J�J�J�J K.-
K J ; J K -/4NDG432G. I P1.1W3672GCEF�Há67W3A I j`.1PTCö67q i 6"HG.1H J�J�J�J�J�J�J�J�J�J�J�J�J�J�J Z =

K J K ��_3. � F7qX.�67WNAs@ |�F7qX4NDGCXF�W¼F7�`DY_N.áàÂ.14�DY2GCEW3F c HGP1CEqXqX6"DYCEF�WçwB25F�k�2Y6"r 6"D·-/.125r CEqö670 Z í/ Ì<Í1ÎPÏ]Ð$Ñ�Ò�Ó2Ô$0 ��� �1! é$#%�&32 ü�ú�û�ý{ú�ü54¶	Áû �7698;:�8 / /�ì
Z J í ��_3.�à�LÂ@ I .TDG43j J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J Z >
Z J ; I 8�W3.125k78¬máCnDY_$�*; ~ l�.f67H5432G.Tr .TW�DGH J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J Z â

ì Ì<Í1ÎPÏ]Ð$Ñ�Ò�ÓÃ×<0 ��� � ! é$#%�&>= ú?ýxùdú�ú �?698;:�8 è û ���7698;:�8 / ì<è
> J í LÂH5. c DG_3.12�F�2*à*.Tm R	.[DY.TPTDYF72GH�máCEDG_$à�L&@ J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J >7;
> J ; à&67252GF{m O 67W3A O .f6"r Ho�z25F�rô-/.125r CEqö670ÇDYF S F7r .TH5Da6"g7. J�J�J�J�J�J�J�J�J�J�J > K
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> J K O 25F?67A30/6"W3A O .f67rÝDYF S F�rÇ.1HèDa67g".�F�2oU ã wÆw J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J > Z
> J Z � .12è8 � F�W3k O 67H5.1qECXW3.TH J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J >�9
> J > I 43rÇr 67258Ç�zF�2á=]Ö =Ní Ù HGCEW b ; S Z]� Ù =]Ö = Z J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J > -@ Ì<Í1ÎPÏ]Ð$Ñ�Ò�ÓIÚ<0 ��� �1! éA#%�&�B ú$���C4¶	Áû �D698;:�8 è @<è
à J í àÂ.T4NDY25CXW3FÇ-<67P[DYF�2è8 J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à í

à J í J í àÂ.14�DY2GCEW3FÇ-<67PTDGF�258¬wÆ_?8�HGCEP1H � .167Pa_ J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à ;
à J ; O .[Da6 O .167r J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à�K

à J ; J í O 67Pag�k�2GF743W3A J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à�K
à J ; J ; wÆ_?8�HGCEP1HámáCEDG_�6¼0`.TDY6ª0`.f6"r J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à Z

à J K I 43rÇr 67258 J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à�àE 4¶	ÁúÃH�!Bú:� �zû��GFçûP�1ú$� @ E
9 J í Ì�Ü#Î$Í�Ò�Ð]Ý�Þ Ð$ßUÎIÔ TBHGCEW b ; S bh� I DYCXqEq i F7W3HGCEH5DY.TW?D*máCnDY_õí J�J�J�J�J�J�J�J�J�J�J�J à 9

9 J í J í à�L&@ l�.f67H5432G.Tr .TW?D J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à�â
9 J í J ; O 2GF?6"A30/67W3A O .167r l�.167HG4N2G.1rÇ.1W?D J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à
-
9 J í J K l�.f67H5432G.Tr .TW?DÂmáCnDY_ I .T|7.12G67qÁà&67252GF{m O 67W3A O .f6"r H J�J�J�J�J�J�J�J 9�í

9 J ; Ì�Ü#Î$Í�Ò�Ð]Ý�Þ Ð$ßUÎ»× T ��I à&R c HGP1CEqXqX6"DYCEF�W3H i F�W]*/25r .TA�0?8�l�CXW3C O F�F�à&@ J�J�J�J 9�;
9 J ; J í R	.1Pf6f8$6�D � .TH5D I F�4325P1. J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J 9�;
9 J ; J ; àÂ4<l ã V�WdDGF�V,H J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J 9 Z
9 J ; J K @~'K.1P[D&F7W �ÁOo� l�.f6"HG4325.1rÇ.1W?DYH J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J 9 à

9 J K Ì�Ü#Î$Í�Ò�Ð]Ý�Þ Ð$ßUÎ»Ú T I F�rÇ.TDG_3CXW3kd@ÆqEHG.MLÂWN.[ä�jK.TPTDG.1A J�J�J�J�J�J�J�J�J�J�J�J�J�J 9�9I Héÿ��;�(ûNü�� EKJL M 9<!Bú�ü���� ú � ý � ú$����ü��4!�ý��]þ � � I<è
^ J í ��_3.�à�LÂ@Êp�.TW3.125CXP I .[DY43j�67W3A$��_3.�à c V ^ @uä�j`.12GCEr .TW?D J�J�J�J�J�J�J�J�J â í
^ J ; O 25F?67A30/6"W3A O .f67rÝDYF S F�rÇ.1HèDa67g".�F�2oU ã wÆw J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J â >
^ J K I .[|�.12G67q�à&67252GF{m O 67W3A O .f6"r HoDGF S F�rÇ.1H5DY67g7. J�J�J�J�J�J�J�J�J�J�J�J�J�J�J â 9
^ J Z O .[Da6 O .f67rÇH�43H5CXW3k¼DY_N.���. � 6�DY2GF7W J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J â�â
^ J > àÂ.T4NDY25CXW3FÇ-<67P[DYF�2è8�6"D*-/.125r CEqö670 J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J - =

^ J > J í @B|7F�qX4�DYCXF7W¬DYF{mo6"2GA3HÂ6ªàÂ.14�DY2GCEW3Fª-<67PTDGF�258 J�J�J�J�J�J�J�J�J�J�J�J�J�J - =
^ J à R	.1P16f8$6"D � .1H5DÂà*.14NDG2GCXWNF I F�432GPT. J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J - ;
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àÂ.T4NDY25CXW3F7HÂ6"2G.	DY_N.�rÇF�H5Dá4N03CXâ�43CnDYF�43H�r 6"D5DY.12�j/6725DGCXPTqX.1H�CEW�DY_3.�43W3Cn|�.T2GHG. J�ã W�W�43rd0`.121:3DG_3.T8
.[ä�PT.1.1A�DY_3.�PTF�W3H5DGCEDG43.1W?DYHáF7�½F�25A3CXW/6"258¬r 6"D5DY.12vå].1qE.1P[DY2GF7W3H1:/j325F7DYF7W3H1:3WN.14NDG2GF�W3HYæo0�8�6ª�]67P[DYF�2
F7�<DY.TWª03CXqEqXCXF7W J ��_3.[8ª67P1PTF�43W?DB�zF�2B6�DBqX.167H5DÆ6"HBrd43Pa_ª.1W3.T2Gk78çCXWdDG_3.o43W3Cn|�.T2GHG.*67HÆ6"qXq�DY_3.�HèDa6725H
P1F7rd03CXWN.1A�67W3A£:�A3.1j`.1WNA3CXW3k*F�W�DY_3.TCX2é.xä36"PTD½rs67H5HG.TH1:7rÇCXk7_�D�6"P1P1F743W?D½�zF�2Á6áHGCEef670NqX.B�z2Y67P[DYCEF�WvF7�
DY_N.vHGF"ê´Pf67qEqX.1Asë5A/6"2GgÇrs6"D5DY.T2Gë J àÂ.T4NDY25CXW3F7Há672G.�67qEHGFdCEr j`F�2èDa67W?DoCEW�H5DG.1qXqX672�A�8�W367r CEP1H J ��_3.125.
6725.ç670`F�4ND	9ªì�íf=�Z]\xî[ïñð�baò�ó{îfð/ZáHèDY2G.167rÇCXW3kªDY_325F�43k�_�DY_3.ç@Æ6725DG_��z2GF7rôDY_3. I 43W J àÂ.T4NDY25CXW3F7H
k�F{|�.T2GWõDY_3.ªAN8�W/6"r CEP1H	F7�±HG4NjK.T2GW3F{|"67.7:�67WNAß_N.1W3PT.ÇDG_3.¼j32GF�A343P[DYCEF�W�F7�±_3.f6f|�8õ.1qE.1rÇ.1W?DYHvCEW
DY_N.*4NW3CE|7.12GH5. J -/432èDY_3.T2GrÇF�2G.":?CE�<DY_N.12G.áCEH i w � CXF7qö6"DGCXF�W�CXWdDY_N.*WN.14NDG2GCXWNF�H5.1P[DYF�2T:�DG_3.áj3_?8�HGCXPTH
F7�KW3.14�DY2GCEW3F�HÆCXW¼DG_3.á.f6725qE8d4NW3CE|7.12GH5.ÂrÇCXk7_�D 43qEDGCXr 6"DY.TqE8�0K.á25.1HGj`F�W3H5CX03qE.o�zF�2 O 672è8�F�k7.1W3.THGCXH J ã �
m±.	6725.*DGF�43WNA3.125H5Da6"W3A¬ë�má_�8¼m±.	6"2G.*_3.125.1ë·67W3AÇDY_3.*0/67H5CXPáW/6"DG432G.*F7�£DG_3.Â4NW3CE|7.12GH5.&CEWÇmá_3CEPa_
m±.�qECE|�.":�m±.�rç43H5Dá43WNA3.125H5Da6"W3A�DG_3.�0/67H5CXP1Háj325F�j`.125DGCX.THoF7��DY_3.�W3.T4NDY25CXW3F J
ã WvDY_3.Æqö6"H5D¢�z.[m(87.f6725H�H5F�qö6"21:{6"DGr F7HGj3_3.T2GCEP7:�67W3A�25.f67P[DYF�2£WN.14NDG2GCXWNF�.[ä�jK.T2GCEr .TW�DGHé_/6f|�.Æ2G.[|?ê

F�qE4NDYCEF�W3CXeT.1A¼F�4N2·4NW3A3.125H5DY67W3A3CEW3k�F"�¢DY_N.ÂW/6�DY4325.*F"�£W3.T4NDY25CXW3F�H J ��_3. I 43j`.12�ê ~ 67rÇCXF�g�67W3AN.VU í�W
KYX 6�DYrÇF�HGj3_N.12GCEP&W3.T4NDY25CXW3FÇ67WNA ~ ; ~ U Z :�> X 6"P1P1.TqX.T2Y6"DGF�2oW3.T4NDY25CXW3F¼.xäNj`.125CXrÇ.1W?DYH�_36{|7.�HG_3F{máW
DY_36"Ddrd4NF�W(W3.T4NDY25CXW3F7H�43WNA3.125k�F»%<6f|�F72dPa_/67W3k7CXW3k�DY2Y6"W3HGCnDYCXF7W3Hvmá_3CXqEH5D�j32GF�j367k?6"DGCXW3k$F{|�.T2¼6
j/6"DG_�qX.1WNk7DY_¶ANCE|�CXA3.TA×0?8×.1W3.T2Gk78Êå[Z]\.^çæçF7�áDY_3.$F�25A3.12dF"�`_ >7=�=Bg�r>\�p�. �çJ ��_3. I 43j`.12�ê
~ 67rÇCXF�g�67W3AN. i F�qEqö670`F�2Y6�DYCXF7W�_/6f|7. 6"qXHGF×25.1j`F�25DG.1AVHGF7r .�.[|�CEA3.1WNP1.�DY_/6�Df:Â�zF72sDY_3CEH$6"DYrÇF"ê
HGjN_3.125CXP	W3.T4NDY25CXW3FaZ]\.^ 2Y6"W3k�.7:�rd43F�WsW3.14NDG2GCEW3F�Ho6"2G.	j325CXr 672GCEqE8�DY2G67W3H5�zF72GrÇ.1A¬CEW�DGFçDa6"4¬W3.14�ê
DY25CXW3F7H J ��_3. I 43j`.12�ê ~ 67rÇCXF�g�67W3AN.±A/6�Da6&H5_3F{máH·WNFvHGCXk7W3C(*/P167W?D .[|�CEA3.1WNP1.o�zF�2 rç43F�WdW3.T4NDY25CXW3F7H
DY2G67W3Hè�zF�2GrÇCXW3kvCEW?DYF�.1qX.TPTDG2GF�WÇW3.14�DY2GCEW3F�H Juã W¬6"A3A3CEDGCXF�W¢:7DY_3. ioS	c�cVb U àYX 2G.167PTDGF�2Æ.[ä�j`.12GCEr .TW?D
_/67H¼jN2GF{|�CXA3.TA¶DYCXk7_�DçP1F�WNH5DY2G67CXW?DGHdF�W×.1qE.1P[DY2GF7W×W3.14NDG2GCEW3FñDY2G67W3H5CEDYCEF�W3H��zF�2çDG_3.�6"DGr F�H5j3_3.T2GCXP
W3.T4NDY25CXW3F+Z]\.^ 2Y67WNk�.7:±2G.1j`F�2èDYCXWNkõ67W�4Nj3jK.T2 qECXrÇCED�F�W�DY_3.�DY2G67W3H5CEDYCEF�W×j325F�0/6703CEqXCnDh8 F"�&DY_N.
F�25A3.12�F7�c_ >5d í{=�e J ��F�k�.[DY_3.T21:ÂDG_3. I 43j`.12�ê ~ 67rÇCXF�g�67W3AN.7: ~ ; ~ :�67W3A ioS&c�cVb A/6"DY6
_/6f|�.*HG_NF�máWªDY_36"DÆrd43F�WªW3.T4NDY25CXW3FvDGF�DY674ªW3.14�DY2GCEW3FvDY2G67W3HGCnDYCEF�W3HuF�P1PT432BmáCEDG_ÇqX672Gk7.oj32GF70/6703CEqnê
CEDh8¼má_N.1W DG_3.&PTF�2G25.1H5jKF�WNA3CXW3kfZ]\.^ CXHÆCXWªDY_3.&6"DYrÇF�H5j3_3.125CXP�W3.T4NDY25CXW3F�2Y6"W3k�.7:�67W3AªDY_36"D±DG_3.1H5.
DY2G67W3H5CEDYCEF�W3H½672G.·m�.TqXq�A3.1H5P12GCE0K.TAdmáCEDG_3CXW�DY_3.��z2G67rÇ.Tm±F�2Gg�F7�/Dhm±F"ê@%/6{|7F�2 W3.T4NDY25CXW3F&F�HGPTCXqXqX6"DYCEF�W3H J
S F{m±.T|7.121:éDG_3CXHÂCXH&F7W3qE8�j/672èD	F7�BDG_3.dW3.T4NDY25CXW3FsF�HGPTCXqXqX6"DYCEF�W�H5DGF�258 J�i F�W?|�CXW3PTCXW3k¬.[|�CXA3.TW3P1.d�zF�2
W3.T4NDY25CXW3F¬%<6f|�F72ÆDG2Y67WNHGCEDGCXF�WNH _/67H·67qEHGF�0K.T.1WÇj32GF{|�CXAN.1AÇ0�8ªH5F�qö6"2BW3.14NDG2GCEW3Fv.[ä�j`.12GCEr .TW?DYH J ��_3.
I à c U 9�: âgX .[ä�j`.12GCEr .TW?DÆ_/67HÆ2G.TP1.1W?DGqE8ªHG_NF�máWÇDY_/6�DÆHGF�qX672B.1qE.1PTDG2GF�WªW3.T4NDY25CXW3F7HÆDG2Y67WNH5�zF�25r CXW?DGF
rd43F7W�ê½67W3A#á�F�2BDa674�ê´W3.14�DY2GCEW3F�HT:?67W3A I 43j`.12èê ~ 67r CEF�g�67W3A3.hU -gX _/6f|�.	6"qXHGF�H5_3F{máWs.T|�CEA3.1W3PT.Â�zF�2
HGF7qö672Á.1qE.1P[DY2GF7W�êhW3.T4NDY25CXW3F�%<6f|7F�2½DG2Y67W3H5CEDGCXF�W3H J ��_3. ~ 67r � ^ à&RDU íf= X 2G.167PTDGF�2½WN.14NDG2GCXWNF&.[ä�j`.12�ê
CXrÇ.1W?Dv_367HvP1F�W:*/2GrÇ.1AÄDG_/6"D�.1qE.1P[DY2GF7W�W3.14NDG2GCEW3F�H	ëèA3CXHG67j3j`.f6725ë*má_N.1Wßj32GF�j367k?6"DGCXW3k F�|7.12vDY_N.
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Pa_/672G67PTDG.125CXH5DGCXPGZ]\.^ H5Pf67qE.o�zF�2BHGF�qX672 W3.T4NDY25CXW3FvDG2Y67W3H5CEDGCXF�W3H J -<25F�r 6vPTF�rd03CEW3.1AÇ67W/6"qE8�HGCEH1:7DG_3.Z]\.^ �zF�2oDY_N.1HG.¬%<6f|7F�2*DG2Y67WNHGCEDGCXF�WNH�CXHá6¼�]67P[DYF�2�F7�)_ K =ªDGCXrÇ.1HoqX672Gk7.12�DG_/67W$DY_3.�6"DGr F�H5j3_3.T2GCXPZ]\.^ 2Y6"W3k�. J
�½F7k�.TDG_3.12T:�DG_3.&6�DYrÇF�HGj3_N.12GCEP[êY:?HGF�qX672èêY:?2G.f6"PTDYF72èêa:�6"W3A¬67PTP1.TqX.12G6"DYF72èêhWN.14NDG2GCXWNF�.xä�jK.T2GCXrÇ.1W?DGH

_/6f|�.�HG_3F{máW DG_/6"Ds67qXqoDG_32G.T.ñg�W3F{máW W3.T4NDY25CXW3F.%<6f|�F72GHsj36725DGCXP1CEj/6"DG.�CEW©%/6{|7F�2 DG2Y67WNHGCEDGCXF�WNH1:
máCEDG_�Dhm±F×Pa_/672G67PTDG.12GCEH5DGCXPiZj\Y^�êh2G67W3k�.TH J S F{m�.[|�.T21:áDY_3.T2G.ÄCEHs6(j`F�H5HGCX0NqX.�P1F�rÇj3qXCEPf6"DGCXF�W¶DGF
DY_NCXH&H5CXrÇj3qX.�DY_325.1.xê@%<6f|�F72	W3.14�DY2GCEW3F�F�H5P1CXqEqö6"DGCXF�W$j3CEPTDG432G. J ��_N. �½I à&RkU í7í X .xäNj`.125CXrÇ.1W?D	_367H
2G.TjKF725DY.TAV.T|�CXA3.TW3P1.õ�zF�2�rd4NF�W 6"W�DGCnê´W3.14NDG2GCEW3F(DYF�.TqX.1P[DY25F�W 6"W�DGCnê´W3.14NDG2GCEW3F(DY2G67W3H5CEDYCEF�W3Hs�zF72
|"67qX4N.1HÁF7�lZ]\.^ má_3CEPa_d6725.±qE.1H5HÁDG_/67W�Dhm�FÂF�2GA3.T2GH�F7�3r 67k�WNCEDY4NA3. HGr 67qEqX.12KDY_/67W�DY_3.ÆDY2G67W3H5CEDYCEF�W3H
HG.T.1W×CEW×6"DYrÇF�H5j3_3.125CXPÇW3.14�DY2GCEW3F�H J ��_3.�6"HGHGF�P1CX6"DY.TA(DY2G67W3H5CEDYCEF�Wßj32GF�036703CXqECEDh8�CEH�|7.1258 HGr 67qEq�:
F7�·DY_3.ÇF�25A3.12�F7��= J K e J ã �±DY_3CEH�25.1H543qED�CXHvPTF�W]*/25r .TA 0?8�DG_3. l�CXW3C O F�F�W3.9U¦í�; X .xäNj`.125CXrÇ.1W?Df:
CEDámáCEqXqé2G.Tâ�43CX25.ç6 DG_3CX25A�Pa_3672Y67P[DY.T2GCXHèDYCEPaZ]\.^ 2Y67WNk�.��zF�2*W3.T4NDY25CXW3FF%<6f|�F�2*DY2G67W3HGCnDYCEF�W3H J*I CXW3PT.
.f6"Pa_iZ]\.^ 2G67W3k�.&CXrÇj3qXCE.1H·6¼A3C('K.125.1W?D�r 67HGH�êhHGjNqXCED5DYCEW3k�0`.TDhm±.1.TW�DG_3.vj/672èDYCEP1CXj36"DYCEW3k�WN.14NDG2GCXWNF
r 67HGHª.1CEk�.1WNH5Da6�DY.1HT:oP1F7W]*/2Gr 6"DGCXF�W�F7�ÂDY_3. ��I à&RÌ25.1H543qEDªm±F�43qXA�2G.Tâ�4NCX2G.$rÇF�2G.�DG_/67W�DG_32G.T.
r 67HGH�.TCXk�.TW3H5DY6"DY.TH J ��_3CEHám±F�43qEA$0K.�67W$.[ä�PTCEDYCEW3kª67W3A$2G67A3CXP167q£A3.[|�.TqXF�j3rÇ.1W?D J
UV_3.TDG_3.12&F�2&W3F"D&DY_N. ��I à&R 25.1H543qED&CXH&PTF�W]*/25r .TA£:<m�.¼W3F{m g�W3F{m DY_/6"D&W3.14�DY2GCEW3F�H*j32GF�ê

A343PT.1A�CXW�6ok�Cn|�.TW"%/6{|7F�2é.1CEk�.1WNH5Da6�DY.BPf6"W�DG2Y67WNH5�zF�25r�DY_N.1rÇHG.1qn|�.THéCXW?DYF�W3.T4NDY25CXW3F7HéF7��6áANC('K.12G.TW?D
%<6f|�F72±.TCXk�.TW3H5DY6"DY.Â67H±DG_3.T8Çj325F�j/67k�6"DY.áF{|�.T2�r 67P125F�HGPTF�j3CXPáA3CEH5DY67W3P1.TH J ��_3CEH±rÇ.f6"W3H·DG_/6"D1:�qECXg7.
â�4/6725g�HT:�W3.14NDG2GCEW3F�H _/6f|7.Â6�*3W3CEDG.�rs67H5H1:7DG_3.�%<6f|�F�2B.TCXk�.TW3H5DY6"DY.THÆ672G.�ANC('K.12G.TW?D �z2GF�r DY_3.�r 67H5H
.1CEk�.1WNH5Da6�DY.1HT:�67W3As_N.1W3PT.&W3.T4NDY25CXW3F�H·rÇCnä JuS F{m�.[|�.12T:Nm±.&_/6f|�.ÂCXW3PTF�rÇj3qX.[DY.�g�W3F{máqX.TA3k�.*F7�¢DG_3.
j325F�jK.T25DGCX.1H&F7�·W3.14NDG2GCEW3F�HvHGCEW3P1.dm±.ªA3F$W3F7Dvg�W3F{mÒDY_3.ªHGj`.1P[DY2543r F7�·W3.T4NDY25CXW3F�r 67HGH5.1HT:½6"W3A
m±.�_/6f|7.�F�WNqE8�j/6"25DYCX67q£g�W3F{máqX.TA3k�.�F7�½DY_3.�rs6�DY2GC äsDG_/6"D*A3.THGP125CX0`.1HáDY_3.�rÇCnä�CXWNk¼0K.[Dhm�.T.1WñDG_3.
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©/ÁZÖ4ÏdÃ'¹±ºd¼Ñ �¾�µ�¿d¹KÉÄÁZÅÒªB ® �ï¯ É�¹�Å^ÉÄÁvÆ'Á ¢ ÁZÆ�×å¸oÁoÎ�ÁZÆ'É+¶�Æ�°O±|²]³�´ ËzÃ'ÊuÎ ¦�§=¨ äzÅ^Ê�Ì�Í�æ
Ò2É=ÊÒËCÒ À�Á�ÂFÃUÄ Å�Æ »�Ç ÁFÁUÈ Ò
¶�ÅAÀÕÆ'¿d¹ÇjÊuÎO·^ÁZÅd¹�À ÇhÊuÅ ¢ ¹jÅEÆÄÁoÊuÅ^¶u¸�·A¹�¶�ÎwÉäHµ�¶·¦%¸2¹=Ò�¶Ñ»Q½�¾,§,¹1Ò)¸�¿�¨E¾J½Cæw¶uÉ\ËzÏ^Å^Ç
Æ'ÁZÊ4Å Ê�Ë;ÆÄ¿d¹îÆ'ÃÄÏ^¹ ¢ ¶u¸ZÏ^¹Ê�Ë�Ô Õ è ª¯K� Ôv¼µ�¿d¹ÔÀd¶�Ã àF¥5Ö4Ã'¶�× ÉÄ¿^¶uÀd¹�ÀKÃ'¹jÖuÁoÊuÅKÃ'¹hËz¹�Ã'É�Æ'Ê Æ'¿d¹ÑÇhÏ^ÃÄÃ'¹jÅEÆ ÉÄÁZÅ«ª¬ ® �[¯ ·AÊ4ÏdÅ^ÀKËzÃ'ÊuÎ�³-,�././0®¶uÅ^À
ÆÄ¿^¹\ÉÄÊu¸È¶�Ã;¹hÌ�Í=¹jÃ'ÁZÎ\¹�Å4Æ©É\äû°O±|² ³�´-æ�ñZ½ÚÞd½hó�¼ 1�¶uÎ\¹OÍ^¶uÃ'¶uÎ�¹jÆÄ¹�Ã ¢ ¶�¸oÏd¹�É�¶uÉ;ÁZÅ�©/ÁZÖ4ÏdÃ'¹�º^¼Z½4¼�©/ÁZÖ4ÏdÃ'¹OÆ©¶uàu¹�ÅËzÃ'ÊuÎ
ïm¹jË�¼9ñv½�ºEò�ó5¼
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©/ÁZÖ4ÏdÃ'¹+º^¼ º^¾1µ�¿^¹	°U±F².³�´ äÚÉÄÊu¸oÁÈÀÕÇhÏ^Ã ¢ ¹�É©æO¶uÅ^ÀÕº<j äÚÀ^¶uÉÄ¿d¹�À®ÇhÏdÃ ¢ ¹�É'æ ¶�¸o¸ZÊ�ÐU¹�À#ÃÄ¹�ÖuÁoÊuÅ^É+ä¡ ~À�¼ Ê^¼ Ë�¼ æ ÁZÅÕÆÄ¿d¹
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ÆÄÊ\Æ'¿d¹>°O±|²a³�´i¶�¸o¸oÊ�Ð7¹�ÀÑÃ'¹jÖ4ÁZÊ4Å�ËzÃ'ÊuÎ ÇjÏdÃ'ÃÄ¹�Å4Æ<¶�ÆÄÎ\Ê4ÉÄÍd¿d¹�ÃÄÁÈÇ;Åd¹jÏ�Æ'ÃÄÁoÅdÊwÀd¶�Æ'¶îñZ½ÚÞO �ó5¼%©^ÊuÃ�Æ'¿d¹�ÆÄÃ'Ïd¹ ¢ ¶�¸oÏd¹�É<Ê�ËÆÄ¿^¹wÊ4É'ÇhÁo¸Z¸È¶�Æ'ÁZÊ4Å±Í^¶uÃ'¶uÎ\¹hÆÄ¹�Ã'É�Ò�ÐU¹�Ç©¿dÊRÊ4ÉÄ¹ Æ'¿d¹�É'¶�Î\¹wÍ^¶�Ã©¶�Î\¹jÆÄ¹jÃ ¢ ¶�¸oÏd¹�Ér¶uÉ�ÁoÅ�©/ÁZÖ4ÏdÃÄ¹wº^¼Z½4Ò-ÉÄÁZÅÒªB ® �ï¯ Ö ±�Øo½Çh¸oÊ4ÉÄ¹gÆÄÊ\ÆÄ¿^¹>³-,D././0î·=ÊuÏ^Å^ÀKñ k�ó9¶�Å^Àml?neo	Öo±d¼�©/ÁZÖ4ÏdÃÄ¹;Æ©¶uàu¹�ÅÑËzÃ'ÊuÎ ïm¹hË�¼9ñZ½�ºRò�ó�¼
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Æ'ÁZÊ4ÅrÊ�ËEÆÄÁoÎ\¹u¼µ�¿d¹�ç^ÅA¶�¸9ÉÄ¹jÅ^ÉÄÁZÆÄÁ ¢ ÁZÆÄÁo¹�É�äÚÃÄÁoÖu¿EÆ<¹�Å^ÀdÉmÊuË�ÉÄÊu¸oÁoÀ£ÇjÏdÃ ¢ ¹�É©æU¶�Å^À£Àd¶�Æ'¶ Æ'¶OàEÁoÅdÖwÍ=¹jÃ'ÁZÊ�ÀdÉm¶uÃÄ¹;Æ©¶uàu¹�Å+ËzÃÄÊ4Î µ/¶�·d¸o¹rºd¼o½
¶�ÅAÀ~©/ÁZÖ4ÏdÃÄ¹�ºd¼o½ äÙØ8Ú&ÛoÒdï<¹hËÚÉ�¼1ñZ½�ºRòRÒÄ½?Ö<k�ó�æhÒ4¶4É7ÐU¹j¸o¸1¶uÉl©/ÁZÖ4ÏdÃÄ¹�kd¼o½ äÙØ8Ú&ÛoÒdÏ^Í=Àd¶�ÆÄ¹�À ¢ ¹�Ã'ÉÄÁoÊuÅ\ËzÃ'ÊuÎ ïm¹jË�¼1ñZ½ÚÞuº�ózæC¶uÅ^À
ÇhÊ4ÃÄÃ'¹�ÉÄÍ=ÊuÅ^ÀÔÆÄÊÔÆÄ¿^¹ Ã'¹�ÉÄÏd¸ZÆ'ÉgÊ�Ë7ÇjÊuÎ\Íd¸o¹hÆÄ¹\ÉÄÁZÎ Ïd¸o¶�ÆÄÁoÊuÅ^É�¼�µ�¿d¹\É�Ê4¸ZÁÈÀ ÇhÏ^Ã ¢ ¹�É»ÇjÊuÃ'ÃÄ¹�É�Í=ÊuÅAÀ+ÆÄÊÔÆÄ¿d¹\Àd¶�Æ©¶�Æ©¶uàRÁoÅdÖÍ=¹jÃ'ÁZÊ�ÀdÉCËzÊuÃ7ÆÄ¿d¹�É�¹;É�¹�Å^É�ÁZÆÄÁ ¢ ÁvÆ'ÁZ¹�É7¶uÅ^À\Æ'¿d¹gÀd¶4É�¿^¹�À�ÇjÏdÃ ¢ ¹�ÉCËzÊuÃUÍAÊEÉÄÉÄÁZ·^¸Z¹<Ã'ÏdÅdÅ^ÁZÅdÖOÆÄÁoÎ\¹g¹jÌEÆ'¹jÅ^ÉÄÁoÊuÅ^É�¼/µ�¿^¹<ÆÄ¿^ÁoÇ�à
ÇhÏ^Ã ¢ ¹�É�Ã'¹jÍdÃ'¹�ÉÄ¹jÅEÆ�ÆÄ¿d¹ äzÍ=Ê4É'É�Áo·d¸o¹�æ�©d¹�ÃÄÎ\Áo¸o¶u·\ÍdÃÄÊ4ÖuÃ©¶�Î£¼9µ�¿d¹MÜ�·dÃ©¶�Å^Ç©¿^ÁZÅdÖ;Í=ÊuÁoÅ4ÆuÝ�ÃÄ¹jËz¹jÃ©É�ÆÄÊ�Æ'¿d¹»À�¹�ÇhÁÈÉ�ÁoÊuÅ\Í=ÊuÁoÅEÆ·=¹hÆ�ÐU¹j¹jÅå¶KÉ�ÏdÍ=¹jÃ'·=¹�¶�Î Ï^ÍdÖuÃ©¶uÀ�¹£¶�ÅAÀÕÅd¹�Ï�ÆÄÃ'ÁoÅdÊËÚ¶4Ç
Æ'ÊuÃ'×iÍdÃÄÊ4ÖuÃ©¶�Î£¼#µ�¿dÊ4ÏdÖu¿®ÆÄ¿d¹îÉ�Æ'¶uÃ�Æ'ÁZÅdÖ±ÆÄÁoÎ\¹�É\ÊuË<ÆÄ¿d¹
¹hÌ�Í=¹jÃ'ÁZÎ\¹�Å4Æ©ÉU¿^¶ ¢ ¹;·A¹�¹jÅîÇ©¿dÊEÉ�¹�ÅÔ¶uÉmÇj¸ZÊEÉ�¹�¶uÉ�Í=Ê4É'ÉÄÁZ·d¸o¹;ÆÄÊ�ÆÄ¿^Ê4ÉÄ¹�É�Æ'¶�ÆÄ¹�ÀÑÁoÅÑÆ'¿d¹�Ã'¹�ÉÄÍA¹�Ç
ÆÄÁ ¢ ¹Y´�."Þ�É�ÒRÆÄ¿^¹j×�¿^¶ ¢ ¹
ÆÄÊ ·A¹;ÁoÅ4Æ'¹jÃ'ÍdÃ'¹hÆÄ¹�ÀwÐmÁZÆÄ¿ÔÇ�¶�Ã'¹u¼�©dÊ4ÃxÆ'¿d¹�ßE¶�ÍA¶�Åd¹�É�¹gÍdÃÄÊ4ÖuÃ©¶�Î£Ò�Æ'¿d¹�ÏdÍdÖuÃ©¶uÀd¹)É�Ê�à�ËÁoÉ�¶4ÉÄÉÄÏdÎ\¹�À\Æ'Ê É�Æ'¶uÃ�ÆmÉ�Æ©¶�ÃÄÆ
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3 σ Sensitivity to sin2(2θ13)
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L = 810 km, 12 km off
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2 = 2.5 10-3 eV2
NUE

100x1020 pot
(Proton Driver)
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T2K Phase 1
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2 σ Resolution of the Mass Hierarchy
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L = 810 km, 12 km off
∆m23

2 = 2.5 10-3 eV2
NUE

sin2(2θ13)
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δ

Each ν and ν̄
12x1020 pot, ∆m2 >  0

60x1020 pot, ∆m2 >  0

12x1020 pot, ∆m2 <  0

60x1020 pot, ∆m2 <  0
(Proton Driver)
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2 σ Resolution of the Mass Hierarchy
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L = 810 km
12 km off-axis + T2K
∆m23

2 = 2.5 10-3 eV2
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with HK

sin2(2θ13)
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Each ν and ν̄
60x1020 pot, ∆m2 >  0

60x1020 pot + T2K, ∆m2 >  0

60x1020 pot, ∆m2 <  0

60x1020 pot + T2K, ∆m2 <  0

3 σ Determination of CP Violation
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L = 810 km, 12 km off / T2K + PD +SK
∆m23

2 = 2.5 10-3 eV2
NUE

sin2(2θ13)
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Each ν and ν̄
60x1020 pot, ∆m2 >  0

T2K alone, ∆m2 >  0

NOνA + T2K, ∆m2 >  0

60x1020 pot, ∆m2 <  0

T2K alone, ∆m2 <  0

NOνA + T2K, ∆m2 <  0
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2 σ Resolution of the Mass Hierarchy
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Each ν and ν̄
60x1020 pot, ∆m2 >  0

120x1020 pot + 2nd Det, ∆m2 >  0
60x1020 pot, ∆m2 <  0

120x1020 pot + 2nd Det, ∆m2 <  0
60x1020 pot in 2nd Detector

3 σ Determination of CP Violation
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120x1020 pot, ∆m2 >  0

NOνA + 2nd Det, ∆m2 >  0

120x1020 pot, ∆m2 <  0

NOνA + 2nd Det, ∆m2 <  0
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3 σ Determination of CP Violation
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Blue: ∆m2 >  0
Red:  ∆m2 <  0
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95, 99 % C.L. for δCP vs sin2 2θ13
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1 MW, 0.5 MT, 5yr, nu running

Region to right can be excluded
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Regular hierarchy ν and Antiν running
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Regular hierarchy ν and Antiν running
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BNL to Homestake  2540 km

sin22θ23 = 1.0

∆m2 32 = 2.5e-3 eV2

Beam 1 MW, Det. 0.5 MT, Run 5e7 sec

No oscillations: 13290 evts

With oscillations: 6535 evts
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FNAL to Homestake  1290 km
sin22θ23 = 1.0
∆m2 32 = 2.5e-3 eV2

Beam 1 MW, Det. 0.5 MT, Run 5e7 sec

No oscillations: 51500 evts
With oscillations: 20305 evts
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Resolution on ∆m32
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νµ Disappearance

Solid: BNL-HS 2540 km
Dashed: FNAL-HS 1290 km
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νµ Disappearance

Solid: BNL-HS 2540 km

Dashed: FNAL-HS 1290 km
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i$!=�/.��J8����2ds���)p}_Ö�R,�6d �ui��/����.�2iP����l�õ�Õ0�PÙ �hd�7z��24Ù��4Ô Í Djc(.�.�!��kd ���hcnds!��kd ���mc(T�#)�mc��kd�i
�9�$�/�íT<�/���Ñi$�/#��$!�6i=J4�hd�7×c(��Djc(.�.4T<\c����<�kimisc�T�.(*���o��c(!��Þ���)�ki$r!=�hd'�$�mc(T�#)�c(�kd�i����8�/�%�=0ÐÙ
i$�)���%�"T8�oi$=.nced��A@;����mc���6d ��Djc(.�.<T�>�$�&'#�c��%=7r���X�$2i$��.Y,��������fc�I��;5�î�ï\pP!��kd ���sc�T�#)�mc��kdS0

Ú�wtx�w ) ÜDë {~}¦� �íìïî�ðÑî Ý {
�²� ��� {
ñò{ ì ���
24�kd)Î��$�*���c(�kd*����û Í Ó3ØæDjc(.�.4i$#��)�������4�$���i$#)�����himc(�mc��kdX��������i���=�sc�.(ud��#)���sced��ki`�p#�i���R@#cni%�GJ
�hd�7z���8�?�P�$��v6d �c(�$>��������%+r�/�Jd�=#)�$�mcnd��ki"�p#�i��3T<�IkcY,�2d[�X�9�$6i%�F.��|�k��04Ï��)�R@#cni%��2d�!=-�/�

�/k



D
R

A
FT�)�e���i�����G� Ùi� ���i���6èiµ6¦_�?®1�$®u��%�R�_§R¨4 §`¥�  ± §0ó>¦e�%¤R��¦?�e¨©ôsõgö © Ç�ª�«�� ¬ Ì8¤1�%�| ��i��³SÅ ¸ �?¥R��
��¶H§���µ6§�·`�i�_¨i�$®u��i¨��§A¶�º�»�¼{¥A¨?®���ª>÷a§A¶<¢�¤R�u¹R�$¥A�����_¨ � ·u§1®1�"¥R¨?®>¢�¤R�u¹R�$¥A�����_¨T�� ·u§1®1��µ6§�·`�i�_¨i�$®>¶H�i� �?��� ± �e �p��$�¡�?¦² ��

¶H��§R·m¥u��$¥Rµ� �§R�£�?¥��¡�$®3�6è ¸ �%��_·u��¨= %�.�S¦ê¥Rµ�ç"¦_�e¨?�`¥ ¸i¸ ¦e�_�%���²¶�´;âiº�Æc�_�£¨?§A �®1�?�W §"§=�µ��e¦_¦ê¥� �_§R¨��!ø����%®�®1§R ¡ �$®
µ6�?�¤����_� ± �e �v´)â1º�ÆÞµ6§�¨1¢?��·4�$®��G¹3ã>�e¨i���S§G§�º�¼z¥A¨?®E ��i����_�R¨?¥R¦|�ê��³SÅrµ�§R¨?�����¤G�e¨?��øo�S¦_�i��®?¥R��i�%®�µ��i�¤��
�ê�S¶H§R��´;âiº�Ænµ�§R¨1¢��·u�%®P�G¹Pã��_¨i�Ä�S§G§�º�¼
¥A¨?®P �i����_�R¨?¥R¦ �_��³SÅy¤G�e§�¦_¥A �_¨i�?�

i%�$=�sc�.��d�=#;���mcnd��ki©ced[�$���û Í Ó3Ø �*�hisiE���hd)I�p�*�1+z.nc���c(�����)��/T�c(.ec(��+
�/�`û~�uûaA@;����mc���6d �mi
�����$6i%��.(,/3���)3�*�himiu�fc�=�$�/�$!�� +*�hd�7tA@;!=.�#)7���;d'#�.(.�2uõJ�¹isc�Ikd8��.Ýcndad��#)���sced���ced ������/!R�c��hd�i=0
Ï���2i$Øi���=�sc�.(Dd��#)���sced��hi�Djc(.�.��ki%!6c�.(.����$tDjc(���Ñ�n,/=�%+Íi$�)���%�*Du�G,��.�2d�I/���SJQ�od�7m�/�)��=�/�y�?�
���)tû~�uûm�¡�/��7�R���!����/�miX�hiX}i�����p}i~Dced ������/!R�c(�kd�i=0[Ï����+ÞT���8�G,�r�hi��hdú�/7�7��7Éced ���sced�isc�!
T8�/!��'I��%��#�d�7SJu�/7�7)=7ú���{����rT<G�/�í�$=.������7Ñced ���sced�isc�!yT��/!��'I��$��#fd�7�i=0aÏ���cniXDjc(.�.�.ec���c(�v���)
i$2d�imcY�cY,#cY��+��/������PR@;�<=�mc(�*2d �i´cedRù:úê¥¦p?hè�h³��âûRj�,#i�0`2uõ03ri%�8�/!�/0�ô8#��%�$��=�%�*�/�$/J�cY�S�$��Pû Í Ó3Ø
imc(Ikd8�/.�cei-2uõ�,<c���.����cnd�I�JS�$��X7�c(ÿ�=�%6d�!�Rcndo�$��ceiv�/7)7�=7cT8�/!��'I��$�/#�d�7n!=�������hd�6d �vT�R��D4�6d
d��#)���sced����hd�7t�hd �mcY5td)=#)�$�mced)�v�%#�d�d�cnd�I-Djc(.�.�i%�,���$�.(+*.ec���c(������Q�$G��!��aced ³��âûu,#i�0�2uõ´3ri$���/!=�0
Ï���2i$v�$6i%#�.(�miP�/�$Yi%���1DjdTcedrô(c�I�0��;0_^;0

üaý�þ ÿ��������	��
������� ��� A\ORW ��� � K:P�� b M:G�� � P��������YI���� X
Í cnd�!=lcY�iQT�c������Td)=#)�$�mced)�
�ki$!2c�.(.����mc��kdr��� +<imc(!6i��8�hi3T��6do�ai%�$���%+s�/�W�$��p#�d�A@;���!����7�0vÏ���
i$�/.��/�8d��#)���sced��n7��Î�!6c(�=J��$��[7�cni$!��i,/=��+q�������$�*�ki%������mc�!�d��#)���sced��n�ki%!6c�.(.����mc��kdfi=J����)s.��/�$I�
��cY@#ced�I�!=�/�*�8���$=7s���y�$��X2��vx �y���$�mcH@SÒ��/.(.����W����2i$pD�=�$�#fd����$�7�c�!R���7�0vl3,�=�Q����ld)R@|�
7��!G�/7��D��i%����#�.(7! #"%$& ('*)åi$������$��ced)I�#�d�R@;�<=!R��=7Dced�d��#)���sced����ki%!6c(.��/.Y�c��hdy��� +<imc(!6i=0

���Lcei����sc�!�� +
���X�*�h�/v�hd�+,$.-0/	12-0/S�/�%I�#���6d ���9���u�$��>!=���%�$=!R�ud)R@|�Li%����s�$��#fd�7�=�si%���hd�7
�hd�#�d)R@;���!��$=7y�%6i%#�.(�=J�T�#)�0cY�Jcei�!==�����hcndp���8�?���hd +'����cnd�I�#�d�A@)�<=!R���7�Djc(.�.|T�����$�/�$u�)�$�|!=6isi
�hd�7*�9#��%�$��=��cnd ,�6i��c(I ���c(�kdXDjc�.�.��%=&'#�c��%3���)3.����$I�©i%���?�cei��c(!6i`�kd�.(+�7��.ecY,�=�$�/T�.(QT +y�põW�$�/�$�kd
ØE�mcY,���=0

���



D
R

A
FT

�/d



D
R

A
FT�)�e���i��� Ã �e���k�����R�_§R¨���§R¶ ¸ ¥R��¥R·u�6 �%�S� ¸ ¥�µ6� ± �i������ ��i��·�¥R�����?�e�$¥A��µ��=¹�ÇY¦e��¶C �Ì�¥A¨�®3³SÅy¤G�e§�¦_¥A �_§R¨vÇY��_�R�= �ÌSµ%¥A¨

�/�W��$¥Rµ��i�$®Q¥A 
Ù�¾2�q³S´�¥A¨?®E¥A 
��ó�½i���%� ¸ �$µ� ��e¤���¦_¹R��º�§R �W ��?¥�  ± �e �E¨i§ ¸ �§R §R¨E®1���e¤����£�_¨?µ6���%¥��¡�W¥R¨=¹ ± �i�%���½³SÅy¤G�e§�¦_¥A �_§R¨ ± §R�?¦_®Q¨i§A ��/�W¤G�_��_�i¦e���_¨3¥R¨G¹"��%�R�_§R¨Q§A¶ ¸ ¥A��¥A·u�6 ������ ¸ ¥Rµ6���

3 4 576 8:9<; =

>@? A A 57;CB

�/^



D
R

A
FT

dED



D
R

A
FT

F 6 6 9HG I JLK F

M K 6 9<;NJOA 9HGP8 I 9RQ:ST;NJ�6 8UJWVPG Q

X ýZY []\�� C �_^ `a�YP��YU0K:I A��b��c� NlP X []\�� C Fed X ^T��f
����U´K6W �YPg�

h�ikj#lEmknEiklomqp�pri�cni�7qlts%mkuwv2dxpgyznEv6dqv{jmc|s~}�m��������knEj�y/7kv=7���@t��v%jmc�u�v6dxp�cei�j#v%��v{j#v=7�p�l�yoi
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��lEj,vR@t�.v{jmc|uwv2dxp���5 ¾o¾Eº y�p¥Ù�j#ltlk�¬i&y¤�ov6d�}by2pc�lhd&yo�¡Ú�yo�.lEjry�p�lEj#� »½¼ Ð ¼ ¿�0Ë¨·p ¼ ���¬uÛlo£�5�y?@#cei
�Üy���lEmtp ¼ Ö�uwj�y/7�¢*�Èprikv�vA@q�.v{jsc�u�v6dxp��´lEmk��7�i�v%v¥y9dkv{yoj���gu�lkdkl�5×v6dkv%j�nEv*pc|sr��Ý�v*ÆÕdqv{mqp�jmcedql
�.v¤you7�jcpri�y��jc(7qpri:�Ü¸Þ¯Tß���¢�lo�Oy���lEmtpbD;0áà�Ý�v%Æ��.yhiji#iklZ�jdØcedËØ&nEmkj#v�¨�0 ¼ 0�h�ikv��³yojÁprikv%j
lo£zyi@fcni·prikv>7kv*prv%s%prlojLcni��k��y�s{v=7â�qprikv��|lÇ�´v{j·p�ikv���v{yh� dqv{mqp�jmcedql�v2dkv{j#no��0

h�ikvw}�¦�§t¨ 7kv%p�v{s%p�lEjrcei�lE�tpc�u�c�ã%v=7�p�l~Ø�d)7!§Çµ�s(i&yoj�nov=7Cs{mkj#j�v6dxp�v%�ov6dxpi�c�7kv2d¬pmc|Ø&v�7z�¬�
priqv��kj�v2i�v2dks{v�lo�´yhdv%��v{s*prj#lkdØced�prikv�Ø�dkyo��iÁp(y�p�v/0�h�ikv¹vR@t�.v{jsc�u�v6dxp(yo�Þ�&yos��¬nEj#lEm�d�7fi�prlgpriqv
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äqåçæ%èÇé	ê�ë¡ìîí*ï¬ð.ñ*ê#ò%óqé	ô0óÜê�õtô0óqñ(ô0é	åîö*è2õtö>Þ�ô(÷Zåáõtô*òÇæ*øîê#õtùLåçóÜú�éÜê�õ³ûoê#ü�óÈóÜöWóÜú2êâýÞè2þYÛÈÿoê#ô��·øçåîòÇê � � ö%éqóÜúÇê��·ê��Zåîè��êÁò2êÁé	æ���ü�ö%ò
	2æ%èÇé	ô0óÜåîö*ò¬ì

§ÇÉ�� §Çµblki#s6c|����y2pc�lhd\imc�nhd&yo�ei�yojscei#v���j�louÄp®�´lgnEv2dkv{j�yo��i#lEmkj#s{v6i�0�h�ikv%j�v¹yoj#v¥nEv2d¬m�cedkv¥v%�Ev2dxpi
�jc|p�iËv{��v%s%p�j�lkd�i�j#v6i#mk�|pmcedkn���j#lEu p�ikvrcedxprjsced�isc�s�§Çµ�s{lEu���lhdkv6dxpjcedgp�ikv���v{you�yhd)7Ë��j#lEu àz7kvA5
s¤y¤�<ib�qj�l|7kmks{v�7Tcnd~p�ikv�s(ikyoj�nEv�7�s{mqj�j�v2dxp�§_Ölcedxp�v{jry�s%pc|lkd�i·��j#lEuÀ§ÇÉ� §»Ö�lki�s2c��|��y�pmc�lkd�i�0¡h�ikv
§»Öb�&yos��¬nEj#lEm�d�7\cni´�Ev%j#�Ri�uwyo���4cndg}�¦�§t¨|imcedqs{vbu�lkiÁp·lo��p�ikv�§ZÉ��&m|@acni��.v{��lZ�Bàg�kj�l|7kmks*pc�lhd
priqj�v6i#iklE�(7�0�h�ikv�i#v{s%lkd�7Ë�&yos��¬nEj#lEm�d�7\i#lEmkj�s%v6i�yoj#v��.loprv2d¬pmc�yo�|�|�¹u�ceisc�7kv2dxpc|Økv=7w}�v{mtprjry��£2�mkj65
j�v2dxp��Ü}32�¢¶v*�Ev6dxpmi�lEj�i�c|nEi���§ZÉ�2�2Ïv*�Ev6dxpmi·��ikv{j#v�lkdkv�lEj´u�lEj#v©dkv%mqprj�yo�.��c�lkdfi�ced�prikv�Ø�d&yo�
i#pry�prv�uwyhi�«¬mkv%jry/7qv�yhi�yhd:v{��v%s%p�j�lkdClEj{���|v6imi,�ecn�ov%�|�E�Lp�i&y�p�y~iky/7kj�lhdäcni�u�ceisc�7kv2d¬pmc|Ø&v�7zyhi�yhd
v{�|v{s*prj�lhd�0�¯ ikv2d�s{lEu��&yoj#v=7�p�l¥prikvblkd;5�yi@fcni´�.v¤y�u��¬prikvblo£<5®y?@#cei¶s{lkdtØ&nEmkj�y�pc|lkd�j#v=7kmks%v6i·p�ikv
i�c|nEi�v6dkv%j�no��p(yhc|�âlo�Þprikvrdkv%mqprjscedkl��.v¤you~�t��ifc�s(i~j�v=7qmks{v2i�p�ikv6i#v�}32 yhd)7�§_Ö��kyos��¬nEj�lEmfd�7�i=0

h�ikv�}b¦,§È¨�7kv*prv{s*prlEj47kv6isc�nkdacni�y���lZ���~prj�yos��Ìcedkn¥s¤yo�|lEjmc|uwv*prv{jO�kyhi�v�7�lkd��nc�«¬m�c�7�i�s2cedxpc|�Y5
��y2prlEj�s{lhd¬pryhcedqv=7ØcndØi�v%nEuwv2dxprv=7�q��yhiÁpc�s,vR@Èp�j�m�isc�lkd�i�0b¯�yZ�ov{�|v6dknop�iQi�i�c� pcndkn�Øk��v%jmi�yoj#v�m�i#v=7
prl,prj�yhd�i��.lEjÁp¶p�ikvb�nc�nEixp¡prl¥y¤�oy���yhdks(iqv��kiqloprl|7�c�l|7kv2ib��¨�°¡±�i(¢¡yhi¶prikv�j�v¤y�7klEmqp=0�¨Tp�lop(y��.uwyhisi
lo�í�EÖ �Ìc|��lop�lkd�iLceib�qj�lE�.lki�v�7 »½¼¤¾ �2¿0�h�ikv9ced�7fc|�<c�7kmkyo�L�ec|«Èmfc�7Ti#s6cnd¬pmc��|��y�p�lEj�s{v%���eibyoj�v Ã 0 º s%u @
¼
� uÛprj�yhd�iÁ�Ev{jsi�v�prl�prikv\dkv%mqprjscedkl���v{you yod�7UÐ�0îÖ�s{uapri�c|s���yo�|lkdkn~prikvg�.v¤y�u 7�c|j�v%s%pc|lkd�0
� v%«Èmqv6dxpc�yo�¡�k��yhdqv6i,i&y¤�Ev�p�ikv ¼
� u©s{v%���`7�c�u�v6d�isc�lkdªcnd:priqvwiklojmc�ã%lkdxp(yo�Ü�Lprikv2d�prikv��Ev%j#pc|s¤yo�
7�c|j�v{s*pc|lkd����kj�lZ�<c�7fcedknX@�yod�7��~s{lÈlEj$7�cnd&y�p�v6i���loj�v*�Ev6dxpmi=0�h�ikv¹vR@Èp�j�m�7kv�7z°�ÆQ2Î�k��yhi#pmc�s�s{v%���ni
yoj#v���lxy�7kv=7g�jcpri ¼ Ö�� pcp(yhdfc�mkuñ7�c|l1@#c(7kvb��lEj·noltl|7gj�v��&v{s*pc�#cp®��l��Wp�ikvYi�s2cedxpc|����y2prlEj¡�ec|nEixpG0Þ¨
��lÈlE�.v=7�D)0 ¾ u�u 7�c�you�v%p�v{j¶�·y¤�Ev%��v2dknopri�i�ifc|� pcndkn�Øk��v%j�cei·�k��yos{v�7\ced�v{yos(i�prmk�.v��x����lE�(7�cedkn¥y
imcndknE�|v�Ø&�.v{j��&y�s���lkdªc|pmi�v{��´y�p�priqv�v2d�7zlo�´v¤yos(iCs{v%����0¥Ù�lop�iv6d�7�i,lo�¡priqv�Ø&��v%j,yoj�v¹j#lEmqprv�7
prl~prikvRiryou�v�¨�°¡± ��cY@tv%�´yod�7!v%�ov{jÁ��s(i&yod�dkv{�¶�jc��|�Oi&y¤�Evg�kmq�ei�vwikv6c|nEixp;cndq��lEj#u�y�pmc�lkdS0�¨b�|5
�kj#l1@#c|u�y�p�v{��ÐÌ���kiqloprlkdfi���v%j�u�ced�c|u�mku c|lkd�c|ãR5ucedkn��&yoj#pmc�s%��vwyoj�vgvA@t��v%s%prv�7Uprl�j#v¤yos(i!p�ikv
¨�°¡±H��j#lEu�prikv,�³yojbv2d�7lo�Opriqv¥��lhdkn�s%v{���ni�yhd)7�prikv¥¨�°¡±H��lomk��7��.v¥j#m�dzy�p�y�nxyhcnd�lo� ¼ DED
�jc|p�i�y,«¬m&yhdxprmku v�Èws2c�v2dks%��lo� ¾ Ö��
0�°Wv%�|pmc�v{j¡s%ltlE�ncedknrcni¶mfi�v=7wprl¥j#v=7kmqs{v�p�ikvucndxprjmcnd�imc|s�¨�°¡±
dklkcni�vYi#lwpriky�p�y�isc�nkdkyo�âprl�dklkcni�v���v*�Ev%�LnEj�v{y�prv%j�p�i&yhd ¼ D9cei�yos(i�c|v%�ov=7�0´h�ikv-7qv%prv%s%p�lEjjcei ¾ Ö��
i�s2cedxpc|����y�prlEj.Ê ¼ Ö��Ô°�ÆQ2Nyhd)7lcei�prikv%j�v*��lEj�v�dqv¤yoj#�|����prlopryo�����yos*pc|�ov��R0Wh·�´l��<c�v*�ji�lo��y�p®�È��c|s¤yo�
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äqåçæ%èÇé	ê�ë¶ì �Çï¬ë � ����� ê#ñ*êÁò{óLåîò�ó	úÇê¡ý � � ë!�Çê�óÜê�ü®ó	ö*é � � � Ç�" �$# Ç�%'&uÇ)(+*OùLåçóÜú-,/.10zí�2 �'3�41%65�ì87�ú2êêÁñ%êÁò{óWåáõ��Zåáõ³ûÇøáô6�*ê9��è2õÜåçòÇæ�ö*òÇø:��óÜú2ê¶åîò;�ZåáüÁô(ó	ê���ü�ö*øîö*é�ü�ö
�Zê´óÜöbõ³úÇö(ù�ó	úÇê�éÜê#øîô0óÜåîñ*ê¡ûÇè2øîõÜê´ú2êÁåîæ*ú{ó#ì17�úÇê=<?>/@ñ¤åçê#ù~ö%ò�ó	ö*û�ô0ò;��óÜú2ê�A/>B@�ñ¤åîêÁù~ö%òbóÜúÇê�ÿoö0ó³ó	ö���ì87�úÇê¡õ	üÁô*øçê�èÇòÇåçó	õ�ô*éÜê�ò¤è��´ÿ�ê#é	õâö � ü�ê#øçøáõ#ì

v%�ov6dxprced�prikv¹}b¦�§t¨ 7kv%p�v{s*prlEj�y�j�vli#iklZ�jdQced¸�c|nEmkj#v¥¨P5 ¼ 0��td�7fc|�<c�7kmkyo�Lprjry�s��<iYcnd�priqv¥Ø�d&yo�
i#pry�prv�s{yhdË��v�s{�|v¤yoj#�|�Ri�v%�&yojry2prv=7Ë��j�lou7v¤y�s(i�lop�ikv{j"7kmqv�p�l¹prikv�prj�yhd�iÁ�Ev{jsi�v�i�v%nEuwv2dxp(y�pmc�lkd�0

�O��v{s*prj#lkd�i\ced }b¦�§t¨Ûyoj�v{7fcei#pmcedknom�cei#ikv=7���j#lEu i&y/7kj#lkd�iËyhd�7ªu¥mklkd�i��x�ªyUnEv2dkv{j�yo����
�kj#lxy/7kv%j~�ky�p�p�v{jmd lo��ifc|pi~yo�|lkdknUpriqvCp�jryos��Ï��lEjËv%��v{s*prj#lkd�iz7kmkvzprl�prikvCv{�|v{s%p�j�lkd i�iqlÇ�´v{j�0
h�i¬m�i�§2µ�s(ikyoj�nEv�7zs{mkj#j�v6dxp���2�2�¢bv*�Ev2d¬pmi¥y�j�v¹«¬m�c|p�v�v¤yoimc���Ti#v{�&y�jry�p�v=7��j�lEue§ÇÉt2�2<v%�ov6dxpi�0
�O��v%s%prj#lkd�i�yoj#vX7�ceiÁpcedqnEm�cei#ikv=7���j�lEuDCLÕ
EÆi��x�zy�Ø�d�cprvli#v{�&y�jry�pmc�lkd�.v%p®�´v{v2d�prikv��ov{jÁprvR@:yod�7
priqv�s{lkdx�ov{jmisc�lkd �.lkcedxpmi�lo��p�ikv��kikl�prlkd�iw��j�lEu@priqvFCLÕ10 h�i�cnig�kj�lo��v%j#p®�Ícei�mfi�v=7ªp�l!ikv{�|�
j�v%uwlZ�ov�}E2N�&yos��¬nEj�lom�d�7�i�0¶h�iqvb�kj#lE��lhi�v=7*7kv%p�v{s*prlEj¶i&yhi´nEltl|7�v6dkv%j�no��j�v2i�lE�|mqpc|lkd�lo��yo�.lEmqp
¼ D+�8�oi#«¬j#pÇ�³�¶¢���loj�§Çµ�2�2 v%�ov6dxpi�yhd�7�pri�cni�j�v6i#lE��mtpc�lhdUs¤yhd���vËm�i#v=7�p�l:j#v{u�lZ�Ev~}E27yod�7
�.v¤you §2µ��&y�s��Ènoj�lEm�d)7�i0cedks%lkd�imcni#p�v6dxpO�jc|p�i�prikv�u�lkdkl�5×v6dkv%j�nEv*pc|s�lo£�5�y?@#cni���v{youHv2dkv{j#no��0�h�ikv
i�v2d�imcpc�#cp®�glo��}�¦�§t¨Ácndg�oy�jmc�lom�ij³�Êâû©i#s{v2d&yojmc|lkijcei�7kv2i�s%jmc��.v=7�cndËp�ikv�u�yoced�p�vR@ÈpG0

¨ui©cei�p®�t�fc�s¤y��
cnd��|lkdkn��&yhi�v%�ecndkvrdkv{mqp�jmcndkl�lki#s6c|����y2pc�lhdgvR@t�.v{jmc|uwv2dxpi{��}�¦�§t¨<��lomk��7�yo�ei#l
i&y¤�Ev�y�}�v¤yojw±�v%p�v{s%p�lEj���lÈs¤y�p�v=7�lo£�5�y?@#cei�y�p�¸&v{j#uRc|��yo��p�l�m�d)7kv{jsi#p(yod�7�priqv�m�d|5®lki#s6c��|��y�p�v=7
�.v¤you �&yos��¬nEj�lom�d�7�i�0¶h�ifcei ¼ �oD¥p�lkdr7kv%�<c�s%v���lomk��7Ë�.v,�qm�c��p��jc|p�i�prikvYi�youwv�7qv%prv%s%p�lEj�prv{s(i|5
dklE�|lEno��yhd�7z��lEmq��7C��v���lÈs¤y�p�v=7ªcedzpriqv�vA@#cei#pmcedkn�yos%s{v6isi�p�m�d�dkv%�¶mq��i#p�j�v¤y�u©lo��p�ikvw����}�¦ �
}�v{yoj�±�v%p�v{s%p�lEj�ßby�����0

h�ikv�}�m�������v{you��ecedqvwyod�7�����}b¦ � 7qv%prv%s%p�lEj��jc|���¡��v%s{lEu�v�lo��v%jry�pmc�lkd&y��²cedÉ��DEDxÖ�yod�7
}�¦�§t¨<��lomk��7~s¤yo�fc|p(y��ec�ã%v�lkd�p�i&y�pLcedx�ov6i#p�uwv2dxpb�jc|p�i�y�i�v%s{lkd�7|5®nEv2dkv{j�y�pc|lkds7qv%prv%s%p�lEj���i�c|s(i
s{lomk��7z�.v{nkcndlE��v%jry�pmc�lkdfi�yhi�v¤y�j��|��yhi��oDED ¾ �jcprizy��.lEj#pmc�lkdlo�¡p�ikvX7kv%p�v{s%p�lEj=0¹h�iqvw}b¦�§t¨
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sin2(2θ13) vs. P(ν̄e) for P(νe) = 0.02
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äqåçæ%èÇé	ê´ë¡ì GÇïIH�øîö0óWö � ó	úÇê´ûoö%õ	õÜåçÿÇøîê�éÜê�õ³èÇøçó	õ�ö � ôJ�·ê�ô*õÜèÇéÜê��·êÁò{ó�ö � ôK�'L�òÇê#èZóÜé	åçò2ö�ö{õÜüÁåçøîøîô0óÜåîö*ò�û2éÜö%ÿ2ô0ÿÇåîøîåÓóM�%ì
N ê#êWó	ê�÷¤ó � ö*é�ô*ò�êÁ÷ZûÇøîô*ò2ô(ó	åçö%ò

s{lo����y���lEj�y�pc|lkd��#c|v%�ji�prikv¡�kj#lE�.lki�v�7�vA@q�.v{jsc�u�v6dxpWyhiÞy�i�v{s%lkd�7�i#prv%�;cnd�yod�cndks{j#v{u�v6dxp(yo�E¸�v%j�u�cY5
��y��w�kj#lEnEj�you prl�uwv{yhi�mkj#v�yo�|�&lo��p�ikvbm�df�<dqlÇ�jd��kyojryou�v%p�v{jsi´lo�ådkv{mqp�jmcndkl¥lki#s6c|����y2pc�lhd�i=0Þ�¡yos(i
cedqs{j�v%uwv2dxp(yo�
i#p�v{��jc��|�W�kj#lZ�#c(7kv�nEmfc�7&yhdqs{v¥lhd�prikv¹lE�tpc�u¥mku:7�c�j#v{s*pc�lhd���lEj�p�ikv9i�mqs{s{v%v=7�cndkn
i#p�v{��0

h�ikv,�kjmc|u�yojÁ��nolxyo�âl���priqv,�qj�lE�.lki�v�7�}b¦�§t¨ÎvR@t��v%jmc|uwv2d¬p »Â¼Z¾ �Ç¿.cei�prl�u�v¤yhi#mkj�v�§ZÉ�� §2µ
lki#s6c��|��y�pmc�lkdfi�cnd�lEj$7kv%j�prlo7kv*prv{j#uRcndkvgpriqvËp�ikj�v%vËlki�s2c�����y�pc|lkdC�&yojry�uwv*prv{jsi�yo�.lEmqp¹��i�c|s(iN�´v
�kj#v6i�v2dxpr�|�wi&y¤�Ev�v2c|p�ikv{jídkl9cedq��loj�uwy�pc|lkd�lEj�lkdq�|�wyhd�mk�k�.v{j��ec�u�c|p�O.imcnd p �h³�ÊâûZ�fisc�nkd��³Ì pû p ¢*�kyod�7P 0O�td~�kyoj#pmc�s{mq��yoj%�t�kj#lZ�#c(7kv=7�p�i&y�pL³�Êâûucni�cedgp�ikv�jryhdknov�yos{s%v6imisc��k�|v�prl�s{lhd¬�ov6dxpc|lkd&yo�.dqv{mqp�jmcedql
�.v¤you�i{��p�ikvgm�d�c|«¬mkv�s{lkdxp�jmc��qmqpc|lkd�lo��p�ikvË}�¦�§t¨�yod�7N}�m�����dkv%mqprjscedkl��qj�lEnEj�youÛ�jc����¡�.v
priqv�j#v6i�lo��mqpmc�lkd�lo��prikv�u�yhisi�i�c�v%jryoj#s(i¬�/0ªh�i�cei�s¤yod�lkdk��U�.vs7klhdkv��x�NvR@t�.v{jsc�u�v6dxpi�pri&y2p
u�v¤yhi#mkj�v�p�ikvu�y2p�prv%jgv%£�v{s*pr7kmkvprlN§Çµ'E i�prj�yZ�ov{�ncedkn!�|lkdknÐ7�cni#pryhdks{v2igprikj#lEmknEiªp�ikvv¤yojÁpri�0
°O��yhdfdkv=7z��mqprmqj�v�vR@t��v%jmc|uwv2d¬pmi�cnd:�.lop�iRQEyo�kyhd » � Ã ¿¶yhd)7!�Omkj�lo��v »½¼ ÖEÖ2¿¶yoj#v�s%lkdks%v6dxprj�y�pcndkn
lkdË�&yhi#vR5×�ecedqv6i�p�i&y�p�yoj#v�p�ltl9i#iklEjÁp���loj·pri�cni·�kmkj#��lki#v/0

hWl�mfd�7kv{jsi#pryhd�7CiklZ� }b¦,§È¨ y/7�7kj#v6imi#v6i�priqv�uwv{yhi�mqj�v{u�v6dxp�lo�¡p�ikv6i#v¹�&yojry�uwv*prv{jsi{�åcp�cni
m�i#v%��mk�bp�lÉced�i#��v%s%pË¸(c�n�0¶¨�0 Ã 0<h�i�cei�ØknEmkj�vQi#iklZ�ji~yo����lo��prikv��oy���mkv2i�lo��prikv�kyojryou�v%p�v{jsi
s{lhd�imcni#prv2dxpb�jc|p�iy��.v{jÁ��v{s%p��|�~u�v¤yhi#mkj�v�7V��� lki�s2c�����y�pc|lkd��kj#lE�&yo��c|�ecp®� ¼ �R�¬uÀlo£�5�y?@#cei�y�p�yhd
¾q¼ D\�¬u©�&yhi#v{�ncedkv�0wh�ikv%j�vwyoj�v¹p�ikj�v%vw�&y�jryou�v%p�v{jmi%�~imced p �o³�ÊâûZ�(i#iklZ�jd�lkdzprikv��Ev%j#pmc�s¤y��¡y?@#cei{�
priqvbp®��l��.lkimisc��k�|v�uwyhimi·loj$7kv%jmcedqnki{�Èprikv�dqlEj�uwyo�.i�c�v%jryoj#s(i¬�o��i�iqlÇ�jd~�x��p�ikvYi�lE�nc�7w�k��mkvbs{mkjÁ�Ev
yhd�7NprikvDcedx�Ev%j#p�v=7Ïi�c|v{j�yoj�s(ix�E��i�iklZ�jdª�x��prikvs7&yhi�iqv=7Ïj#v=7Ïs%mkj#�ovo��yhd�7�prikv[2·°²�qi&yhi�v P �
i�iqlÇ�jdËyoi´��yo��mqv6i·y�j�lEm�d)7�prikv�v{�|�ec��fi�v6i�0�h�ikvbiklEjmc|ã{lkdxpryo�.y?@#cei�i#iklZ�ji·prikv�j�v2i�mk�p·lo��y���v%j#��v{s*p
u�v¤yhi#mkj�v%uwv2d¬p�l��Wp�ikv�lki�s2c�����y�pc|lkd��kj�lE�kyo��c��nc|p®�/0

}�¦�§t¨ cei¶s¤yo�kyo�k��v�lo�âu�yo�<cndkn�p®��l¥uwv{yhi�mkj#v{u�v6dxpi%�Èp�ikvLdkv{mqp�jmcndkl¥yod�7�p�ikv�yod¬pmcedkv%mqprjscedkl
lki#s6c��|��y�pmc�lkd��kj#lE�&yo��c|�ecpc�v2iídqv¤yoj�priqv,Ø&jsi#p�lki#s6c��|��y�pmc�lkd�uwy?@#c�u�mkuz0��td�i�lEu�v�s¤yhi#v6i%��p�ikv6i#v,p®�´l
u�v¤yhi#mkj�v%uwv2d¬pmi¥y�j�v�s¤yo�&y��k��v��(cnd��kjscedks2c��k�|vo�Llo��u�v¤yoi�mkjscedkn�yo����p�ikj�v%vw�kyojryou�v%p�v{jsi{��mq�:prl�y
p®�´l�5×��lE�(7you��fc�nEm�cp®��ced�p�ikv�2·° �ki&yoi�v/0¥¸&lEj�vR@qyou��k�|v¹yadkv{mtprjmcndkl�lki#s6c��|��y�pmc�lkdË�kj#lE�&yo�fc��ecp®�
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lo�����Pyhd�7�yhd:yhdxpcedqv{mqp�jmcedql�lki�s2c�����y�pc|lkd��qj�lE�&y���c��nc|p®��lo�·ÐS�ÀlEj ¼ �g��7kv*prv%j�u�cedkv�p�ikvwuwyhisi
i�c|v{jry�j�s(ix�m�d&y�u���c�nomklEm�i#�|��0¥ß�lZ�´v%�Ev%j{�Wy\dkv{mqp�jmcndklËlki�s2c�����y�pc|lkd~�kj�lE�kyo��c��nc|p®�~lo�����Åyod�7Cyhd
yhdxpcndkv{mtprjmcndkl�lki#s6c��|��y�pmc�lkd��kj�lo�&yo��c|�ec|p®��lo����� s{yhd�dklop�j#v6i#lE�|�ov¶p�ikv0cedkikv%j�v2d¬pWyou¥��c�nEmfc|p®�©i�iklZ�jd
ced�¸�c�n�0�¨-0 Ã 0b¨Hpri�c|j$7�u�v¤yoi�mkj#v{u�v6dxp�cniudkv%v=7kv�7Vcnd�prifceibs{yhi�v��Lv6cprikv%j���j�louÅyod�vR@t�.v{jmc|uwv2dxp
7klkdqv�v{�ni�v*��ikv{j#v�y�p�yc7�c£âv%j�v2d¬pw�&yhi#v{�ncedkv��·lEj���j�lEu yhd�y/7�7�cpc|lkd&yo�´uwv{yhi�mkj#v{u�v6dxpglhd�priqv
}�m&�����.v¤you��ecndkvo�¬��lEj�vA@ky�uw�k�|vo�klhdËp�ikvri�v%s{lkd�7~lki#s6c��|��y�pmc�lkdwu�yi@fc|u�mkuz0

¨ui¹priqv�dqv{mqp�jmcedqlClhi�s6c|����y�pc|lkd:�qj�lE�&y���c��nc|p®�o7kv%s{j�v{yhi�v2i{��p�ikvËj�v%��y�pmc|�Ev�u�yonhd�c|p�m�7kvglo��priqv
uwy�p�p�v{j�v*£âv%s%pLcei�m�dks(i&yhdqnEv=7��q�kmqp�priqvv2·°�5*i�v2d�imcpc|�ov�v%£�v{s*pijcedks%j�v{yhi�vYiscedks%vbprikv*�Ëyoj#v�i�v2d�imcH5
pc�Ev�prl�lkdq�|��p�ikv�Ø&jmiÁp���lZ�´v{j�lo��³�Êâû?0Oh�i¬m�i�prikv�lZ�Ev%j���yo�Ëlo�Wp�ikv�v{�|�ec��fi�v6i�i#iklZ�jdDcnd~¸�c�n�0t¨�0 Ã
�.v{s{louwv���y�j�nEv%j{�kuwyh�Ìcedkn9cp���v2imi��kj�lE�kyo�k��v�loj�uwlEj#v>7�cnÈ�s{mq�|p·p�lwj#v6i�lo�|�Ev�priqv,uwyhisi�loj$7kv%jmcedqn
�jc|p�iËlkdk�|�wp®��l�u�v¤yhi#mkj�v%uwv2d¬pmi=0

X ýUT ^ U²O8N X Z N;P X ^ ��N;W ��O V ORW ��GW�JNXW�� O�UZY []\^\

�×��yË��y�j�nEvp7qv%prv%s%p�lEj,�³y�s6c��nc|p®���Üyoi�yË�&yojÁp,lo�·}�� � �¡ÚÞ¢ »½¼Z¾ Ð2Ò ¼¤¾�� ¿0cei��|lts{y�prv�7Cy�p�ß�lEu�v6iÁp(yh��v
�Üß � ¢bprikv��.v¤youÅ��j�lEuPÙ·}bÚ �³¸�}�¨bÚÞ¢��jc|���Wi&y¤�Ev�prlËprjry¤�ov{jmi#va�oÖ�ÐxDh�¬u@� ¼ � º Do�Èu�¢�priqj�lEmknoi
priqv�v¤yojÁpri�0:¨·p�Ù·}bÚ prikv��.v¤youÛ�´lEmk��7�i&y¤�ovËp�l��v��qm�c��p¹y�p�yodÉcedks%�ecedqvgyhdkno��vglo��yo�.lEmqp
¼E¼�_çÃa` 0W2�mkj#j�v6dxp�7kv6isc�nkd¹��lEj²i#mks(igy��.v¤youHs¤yo�|�ei���lEj�p�ikv�s{lkdfi#prj#mks%pmc�lkd�lo�ây�i�c��|�È�jcpri�y,iqv6c�noi¬p
lo��yo�.lEmqp¹ÖoD�u »½¼¤¾ à2¿0 � mks(iNy�ifc������jc|���¡i&y¤�Evgp�ikvg�kj#loprlhd�p(yoj#nEv%p�y�p¥p�ikv�p�lE�!lo��p�ikvgi�c|���
yhd�7zy���DED�uP�|lkdkn*7kv{s{yZ��prm�d�dqv{��lkd�p�ikvp7klZ�jd�i#��lE�.v/0�¨·p,¸�}�¨�ÚUprikv;cedks%�ecedky�pc|lkd��jc����Þ�.v
yo�.lEmqp,Ö _ à ` 0�h�iqv{j�v8cni�yo��j#v¤y/7t��vA@q�.v{jsc�v2dks{v�y�p�¸�}�¨�ÚÑced�qm�c��(7�cedkn�prikv�}b���~�b�.v¤you »½¼
� ¿cb
prifcei,vR@t��v%jmc|v6dks%v�s{lomk��7:��vwvR@Èprv2d�7kv=7!p�l��kmfc���7:yTdkv*� ��v{you©prl�ß � 0Þ�td!v6cprikv%j�s{yhi�v��Jc|p�cei
y/7kv%«¬m&y�prv�p�lgi&y¤�Ev�yai#iklEjÁp�7kv{s{y¤��prmfd�dkv{���ê�oDEDwug¢�s{lEu��&yoj#v=7�p�l�prikv�}�������prmfd�dkv{�·�	àEÖ�D
u�¢Wprl,yos(i�c|v%�Ev�priqvLdqv{v=7qv=7d�km;@�0�h�ikv�lE�qpc|lkd¹lo�âj�m�d�dfcedkn��jcpriwyrdkyoj�j#lÇ���&yhd�7��.v¤you mfimcedqn
priqv�lo£�5�yi@fcniOprv{s(ifd�c�«¬mkv »½¼ Ð ¼ ¿�s{lEmq��7��.v��kj�v2i�v{jÁ�Ev�7\c|�âp�ikvP7kv{s{yZ��p�m�d�dkv%�Ëcni¶uwy/7kvLi�m#Èws2c�v2d¬p��|�
�jc�7qv/0w¸�loj�vR@qyou��k��v���y~ÐËuþ7�c�youwv*prv%jbprm�dfdkv{�Os%lEmk��7:yo�|��lZ�<lkdkv¹prlËu�lÇ�ov�yod�7zj�lopry�prv¹priqv
p(y�j�nEv*p·yhd)7�iklEjsdgyhisi�v%u��k�|�8i#l¥priky�p´y ¼e` lo£<5®y?@#cei¡�.v¤you]s%lEmk��7w��vLi�v2dxp�prl,prikv��³yoj`7kv%p�v{s%p�lEj=0

¯ác|p�i ¼ �~¯ lo�¡�.v¤you~��yg�&yoi�v{�ncedkv,lo���EÖ�ÐEDR�¬u���yhd�7yËÖoDoDh�¬h�7qv%prv%s%p�lEjb�´v¹s¤yo�|s{mk��y�prv
priky�pg�´vz�´lEmk�(7ªlE�qpryhcedgf � DEDoDED�u�mklhdªs(i&yoj�nov=7 s{mkj#j�v2d¬p�yhd)7hf��oDoDEDED dkv%mqprj�yo�bs%mkj�j#v6dxp
v%�ov6dxpi���loj�Ö�Ñ ¼ D�i�ù_£
j�lo�¡j�m�dfd�cedkn�ced~prikv�dkv{mtprjmcndkl�u�l|7kv�cnd~p�ikv�y���i�v2dks{v�l��¡lki�s2c�����y�pc|lkd�i�0
¸&lEj�prikvai�you�v�j�mfd�d�cedqn�s{lhd�7�c|pmc�lkdfi�cnd:priqv�yhdxpcH5tdkv%mqprjscedkl~uwl|7kv����jcpri�p�ikv�iklojmd!s%mkj�j#v6dxp
j�v*�Ev%jmi�v�7�¢Þ�´v´s{yo��s%mk��y2prv¡y�p�lop(y��Elo�kf ¼Zº DEDoD�yod¬pmcY5×u�mklkd�s(i&yoj#nEv=7�s{mkj#j�v2d¬p�yhd�7f�à�DEDEDjdkv{mqp�jryo�
s{mqj�j�v2dxp¥v*�Ev6dxpmi�b¡yo�k�qj�lG@#c�uwy�prv%�|�T�oD+�Ål��´p�ikv�v%�Ev2dxp�jry2prv8cedpriqvwyod¬pmcY5*dkv{mqp�jmcndkl���v{youP�jc|���
�.v37kmkv�prl¥��j#lkdkn�5*imc�nhd dkv%mqprjscedkl�cedxprv%jryos*pc�lhd�i=0O¸&lEj¡priqv�i�ikloj#prv%j��&yoi�v{�ncedkv�lo� ¼ � º D;�¬u]��j�lEu
¸�}�¨�Ú�prl�ß � ��p�ikv�v*�Ev2d¬p¥jry�p�v6i,�jc�������v�i�c�noikv{j��x�:y~�³yos*prlEj�lo���ê�EÖ�ÐED�° ¼ � º Dx¢ p 0�¸&lEj��.lop�i
dkv%mqprjscedkl¥yhd�7gyod¬pmcY5*dkv{mqp�jmcndkl�j�m�d�dfcedkn�yo�k�kj#lG@fc|u�y2prv{���f�D)0áàa�Hlo��priqvbs(i&yoj#nEv=7�s{mkj#j�v6dxp�jry�p�v
�jc��|�k�.v���j�lou v{�|v{s%p�j�lkdws(i&yoj#nEv=7ws{mkj#j�v6dxp�v%�Ev2dxpi���i�c|s(iw��lEj#u y��&y�s��Ènoj�lEm�d)7wprl,prikvb§ÇÉ�� §2µ
i�v{yoj�s(iS0��×p��jc��|�W�.v�7kv2imc�j�yo�k�|v�prl�lo�qp(yhcndØimc|uRc|��yojjd¬mku��.v{jsi�lo�¶v%�ov6dxpi�ced�p�ikv¹yhdxpcH5tdkv%mqprjscedkl
yhd�7�p�ikv�dqv{mqp�jmcedql���v{youz0Wh�ikv%j�v*��lEj�v��E��lEjWp�ikv·s¤y���s{mq��y�pmc�lkd�i~cnd�prifcei��kyo��v%j��´v�yhimi#mku�v ¼ �~¯
lE�.v{j�y�pc|lkd���lEj·Ö¥Ñ ¼ Dai�ù_£
j©cedgp�ikv�dkv%mqprjscedkl¹u�l|7kv�yhd)7T�¹�Ë¯ lE�.v{j�y�pc|lkdw��loj�Ö¥Ñ ¼ D�i�ù_£
jucnd
priqv�yod¬pmcY5*dkv{mqp�jmcndkl�u�l;7kv�0

¨Å��yoj�novt7kv%p�v{s%p�lEj��³yos6c|�ec|p®�!y�pw}b� � �¡Ú �jc�����uwlkiÁp��ece��v{��!�.v�m�i#v=7���lojwyz�kj#lxy/7Njryhdknov
lo�O�qi¬�<isc�s6i�nolxyo�ei�0��®uw�.lEj#pryhdxp�s{lkd�isc�7kv%jry�pmc�lkdfi���lEjLi�mqs(i:y�7kv%p�v{s*prlEj�y�j�v�p�ikv�Ø�7kmks6c�yo��u�yoimi{�
v6dqv{j�n��prikj#v6i�iqlE��7��Þv6dqv{j�n��zj�v6i#lE��mtpc�lhd��Lu�mklkd���v{�|v{s%p�j�lkdo7�cni�s%jmc�u�cedky�pc|lkd��.�&y�p�p�v{jsd:j#v{s{lonkd�cY5

¾ Ö



D
R

A
FT

pc|lkd�s{yo�&yo�fc��ecp®�E�¡pc|uwv~j�v2i�lE�|mqpc|lkd��u7kv%�qpri�lo��prikv���lÈs¤y�pmc�lkd��´yhd�7�prikv�s%lki#p=0Ôh·�´lUs{��yoimi�v2i
lo�"7kv*prv%s%prlojmi�yoj�v�m�d�7kv%j¹s{lkd�isc�7kv%jry�pmc�lkd�O���y�p�v{j�2�ikv%j�v6df�olZ�ú7kv%p�v{s*prlEjlcnd�i#p�j�mku�v6dxp�v=7!�jc|p�i
�kikl�prl�5×u�mk�|pmc��k�nc�v%j�prmk�.v6i�yhd�7~y¹�ec|«¬m�c�7g¨�j�nElhd~�kyhi�v�7�pc|uwvb�kj�l�v#v%s%pmc�lkd�s(i&y�u���v%j=0

¨R��y�prv%j>2�ikv%j�v6df�olZ�{7kv*prv{s*prlEjb�km�c��pLced�p�ikvli�youwv�u�yod�dkv{jbyhi�p�ikvli#mk��v%j�5ml,y�uRc|lk�2yhd�7kv
vR@t�.v{jsc�u�v6dxp�� �jc|p�i\�oD;cndks(ig�kiqloprl�5×u�mk�pc��q�ec�v%jmiW�k��yos%v=7wlkd�priqvucedfimc�7qvQ7kv*prv%s%prloj�i�mkjÁ�³yos{v�s{lZ� 5
v{jscedknwyo�k�qj�lG@#c�uwy�prv%�|�gÐED+� lo��p�ikv�prlopryo�Þyoj�v{yx¢ »½¼ à � ¿Þs¤yhd�yos(i�c�v*�Ev,prikv¥ÖoDED��Èh uwyhisi=0�h�i�cni
s{lomk��7���vp7qlkdkv¥�x�Dimc|uw�k���i�s{yo�ecndkn�p�ikvli#mk��v%j�5ml,y�uRc|lk�2yhd�7kv>7kv*prv{s*prlEj�prlg��yoj�nEv%jjimc�ã%v�lEj��¬�
�km�c|��7�cndknªi�v*�Ev{j�yo�37qv%prv%s%p�lEj�u�l;7qmk��v2i »Â¼Z¾ Ðk� ¼Z¾ Ö2¿�0 � mks(i yc7kv%p�v{s%p�lEj��q��yos%v=7Ïm�d)7kv{j#nEj�lEmfd�7
y�p¥}b� � �¡Ú s%lEmk�(7�i&y¤�Evgy���lZ� v2dkv{j#no�zprikj#v6i�iqlE��7Ï�!« ¼ D��~v%Æ�¢0��nElÈl|7:v2dkv{j#no�Cj�v6i#lE��mtpc�lhd
�!« ¼ D���¢·��lEjLimcndknE��v��&y�j#pc|s{�|v6i{��nElÈl|7�u�mqlkd4��v%��v{s*prj#lkdDi#v{�&y�jry�pmc�lkd��!« ¼ ��¢0�âyhd)7�pc|uwv�j#v6i�l?5
��mtpc�lhd~�!«Ï��v%�ádfi(¢R0�¸�loj¡p�ikv�vR@t��v%jmc|uwv2d¬p¶�´vb�kj#lE��lhi�v�ikv{j#v©cpícniíc|uw�.lEjÁp(yhdxp�p�l¥lE�qpryhced�nElÈl|7
v6dqv{j�n��wj#v6i#lE��mqpmc�lkd�lkd�p�ikvudqv{mqp�jmcedql¥v6dqv{j�n���0Oh�i�cni�s¤yodg��vbyos(i�c|v%�Ev�7aced�y���y�prv%j�2�ikv%j�v6df�olZ�
7kv*prv{s*prlEj��x�ªi�v%�&yoj�y�pcndknË«ÈmkyhimcH5®v{��yhi#pmc�sli#s¤y�p#prv%jmcedqn�v*�Ev6dxpmi��jc|p�iC�´v{�|�²c�7kv2dxpc|Økv=7C��v{�tprlkd�ircnd
priqvgØ�d&yo��iÁp(y�p�v���j�lEuÛprikvËj#v6i#p�lo��p�ikvËs(i&yoj�nov=7Ns{mkj#j�v6dxp�v%�ov6dxpi�0�h�ikv���jryos*pc�lhdUlo��«ÈmkyhimcH5
v{��yhi#pmc�s2i�cnd�p�ikv�p�lop(yo��s(i&y�j�nEv�7Ïs{mkj#j�v2d¬pgjry�p�v~�jcpri�p�ikvTi#��v%s%p�j�mku m�i�v�7�cedNpri�cniw�&y���v%jRcni
yo�.lEmqp�� Ã �H��lEj¡prikvudkv{mqp�jmcndkl¥�.v¤you²yhd)7 ÃEº �H��lEj¶prikvbyhdxpcY5*dkv{mtprjmcndkl,��v{yous0 � v{�kyojry�pmc�lkdwlo�
«¬m&yhiscY5®v%��yhiÁpc|s�v*�Ev6dxpmi���j#lEuÄprikv¹s(i&y�j�nEv�7Cs%mkj�j#v6dxp��&yos��¬nEj#lEm�d�7ªcni���v2cedkn�m�i�v�7C�x��p�ikv)l��al
vR@t�.v{jsc�u�v6dxp » Ðo¿0�¸&mkjÁprikv%j��´lEjm�äceildkv%v=7kv�7Np�l�uwyh�ovgp�i�cei�v%�Ev2dxpwj#v{s%lkd�i#p�j�mks*pc|lkd!��lojm�!y2p
i�c|nEikv{j�v2dkv{j#nkc�v2i=0�h�ikv¥j#v{s{lhd�i#p�j�mks*pc�lhdyo��nolEjmcpriku²s{lEmq��7��.v¥v2dki&yhdqs{v=7�x�Ëpriqv�y/7�7fc|pc|lkdËlo�
jmcndkn9c�uwyonkcndkn�p�v{s(i�dfc�«¬mkv6i�p�l�p�ikv�7kv%p�v{s*prlEj »Â¼Z¾E¾ ¿0

¨�d¬mku��.v{j�lo���kj#lE��lhdkv6dxpiOikyZ�ov�yoj�nomkv=7¹priky�p¡y��ec|«¬m�c�7�¨�j�nElhd�pc�u�v��qj�l�v#v%s%pc|lkd¹s(i&you¥��v%j
�ÜÚL¨on�h�°`2�¢�s%lEmk��7Ë�.v��km�c��p��jc|p�i~p�lop(yo�âu�yhisi�yo�k�kj#lxyos(i�cndkn ¼ DED8�Èh »½¼Z¾a� ¿�0¶¨ Ø�dkv,nEjryocedkv�7
7kv*prv{s*prlEj©i�mks(izyoi�prifceibikyhibu�mqs(i���v*p�p�v{jbj#v6i#lE��mqpmc�lkdË��lEjLi�v%�&yojry2pcedqnwprj�yos��Ìi=0��×p�cei���lhimimc|�k��v
priqv{j�v*��lEj�v�p�l�m�i#v�y���yoj#nEv·��jry�s%pc|lkd�lo�âp�ikv�s(i&yoj�nov=7�s%mkj�j#v6dxp´s{j�lhimi�i#v{s*pc�lhd���jry�p�ikv{jOprikyhdwlhdk�|�
priqv´«¬m&yhiscY5×v{��yoi#pc|sOv%�ov6dxpir¢Þ��lEj�7kv%p�v{j#uRcnd�cedkn�p�ikvídqv{mqp�jmcedqlbv6dqv{j�n��ri��.v{s%p�j�mkuz0�h�iqv·ÚL¨Kn�h�°`2
�jc��|�Oyo�ni�lËi&y¤�Evwu�mks(i��.v%p#prv%j��&y�j#pc|s{�|vlc�7kv2dxpc|Øks¤y�pmc�lkds{yo�&yo��c|�ecp®��0�h�ikv{j#v%��lEj#vo�Wy�ÚL¨Kn�h�°`2
�jc|p�igy�i�uwyo���|v{j�prl�p(yo�&Ø87kmqs6c�y��.uwyhisi�lo�/f ¼ DED��¬h p�i&yhd�p�ikv�Ö�DED��¬hTyhisi�mku�v=7���loj¶p�ikv���y�prv%j
2�ikv%j�v6df�olZ��p(yhdf�acei�vA@q�.v{s*prv�7�prl�i&y¤�ov�isc�u�c���y�j¶�.v{jÁ��lEj�uwyhdks%v���lEj·priqv��kix�#isc�s2i=0

¸&lEj�p�ikv¥�qmkj��.lki�v2i�lo�Op�i�cei��&yo�.v{j���v¥�jc|���Þyhisi�mku�v�p�ikv;i�youwv-7kv%p�v{s*prlEj���v%j#��lEj#u�yhdqs{v�yhi
7kv2i�s{jsc��.v=7�ced »Â¼ àEÖÇ¿�0W¸&lEjLprikv´�kix�#isc�s2iJi�v2d�imcpc|�<cp®��s¤yo�|s{mk��y�prv�7�cnd�p�i�ceiÞ�&yo�.v{j���v¶�jc��|�¬yhimi#mkuwv ¼
�~¯ lE�.v{jry2pc�lhd���lEj¡Ö¶Ñ ¼ D�i>ù_£
jícnd�prikv�dqv{mqp�jmcedql�uwl|7kv·yod�7����~¯ lE��v%jry�pmc�lkd���lEjOÖ¶Ñ ¼ D�i>ù_£
j
ced~prikv�yhdxpcY5*dkv{mtprjmcndkl�u�l|7kv/0��td�.lop�i�s¤yhi#v6i��´v��jc��|�Wyoimi�mquwv¹y*7kv%p�v{s%p�lEjbØ87qmks6c�yo��uwyhimi�lo�
ÖoDED��¬h�0�¯ác|p�i�p�ikv¥j#m�d�d�cndknwpmc�u�v6i{��priqv�yos%s{v{�|v{j�y�prlEj��.lÇ�´v{jb��v%�ov{�Ü�âyhd)7�prikv-7kv%p�v{s*prlEj�uwyhisi
Ø)@tv=7â�Þ�´vw�jc|����s%lkd�isc�7kv%j�p®�´l��kyhi�v%�ecedqv6i�O ¼ � º D��¬u � ��lEj�¸�}�¨bÚ�prl�ß�louwv2i#p(yo�ovZ¢�yhd�7 �EÖ�ÐED
�¬uÛ����loj�Ù·}bÚCprl�ß�lEu�v6iÁp(yh��vZ¢�yhisi�mku�cedkn�p�i&y�p�p�ikv>7kv%p�v{s%p�lEjjcei��|lts{y�prv�7Ëy�p�ß�lEu�v6iÁp(yh��v/0

Ú�yhi#p��|�E�E�´vLdkloprv�priky�pO��lEjOpri�cni¡yhd&yo��<imcei�p�ikv��³yojW7kv%p�v{s*prlEj¶s{lEmq��7���v�y�p´i#v%�Ev%jryo�.s{louw�&y�jry?5
�k�|v�imcprv6i²cnd¥priqv·��v2i#prv%jmd�� � �kdqlop(yo�q�|��¯ ��°¡°�lEj�p�ikv�ß�v2d�7kv{jsi�lkd�u�cedkv�cndX2�lE�|lEjry/7ql�0Þ¯ ifc���v
priqv�7kv*p(yhc|��v=7~s¤y���s{mq��y�pmc�lkd�i�s(ikyhdknEv���priqv¥«¬m&yo�nc|p(y2pc|�ov�j�v2i�mk�pi�y�j�v¥v{yhimc|�|�r7kv�7kmks%v=7���j�lou pri�cni
�´lEjm����loj�loprikv%j���lÈs¤y�pmc�lkdfi=0

h�ikv�§2µ~imc|nkd&yo�o�jc|���Es%lkd�iscei#pÞlo�qs{�|v¤yhd��»iscedknE�|vOv{�|v{s%p�j�lkd,v%�ov6dxpi��âimcndknE�|vJi�iklZ�´v{jscedkn�jmcedqnki.ced�y
��y�prv%j`2�ikv{j#v6d���lÇ�X7qv%prv%s%p�lEj(¢�priky�pOj�v2i�mk�p¡uwlhi#pr�����j�lEu<prikv�«¬m&yhiscY5×v{��yoi#pc|s�j#v¤yos*pc�lhd�§2µhÊ�¥p�
£ ¨ Êr¡£0Wh�ikv·uwyhced,�&yos��¬nEj#lEm�d�7fi��jc��|�È�.v´��j#lEu prikv´v{�|v{s%p�j�lkd;dkv{mqp�jmcndklbs%lkdxp(you�ced&y2pc�lhd�cnd�p�ikv
�.v¤you²yhd�7�j�v¤y�s%pc|lkd�i¶pri&y�p�i&y¤�Ev�yqCLÕ�ced�prikvbØ�d&yo�Ýi#p(y2prv/0Oh�iqvoCLÕ·�&y�s��Ènoj�lEm�d)7g�jc�����7kv%��v2d�7
lkd�iklZ�T��v%���.prikv�7kv*prv%s%prloj�s¤yhdt7�cni#pmcedknEmfcei�iwv%�ov6dxpi��jc|p�iaimcndknE��v�v{�|v{s%p�j�lkd\cnd�7kmks%v=7~yhd�7gp®�´l
�kikl�prlkd�ced�7qmks{v�7¥v{�|v{s*prj�lou�yonhdkv%pmc�s²i�iqlÇ�´v{jsi=0O¨©imi�mquRcndkn�p�ikv´iryou�v�7qv%prv%s%p�lEjW�.v{jÁ��lEj�uwyhdks%v¶yhi
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BNL-HS  2540 km
sin22θij (12,23,13) = 0.86/1.0/0.04
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

1 MW, 0.5 MT, 5e7 sec

CP 135o: 591 evts
CP 45o: 450  evts
CP -45o: 299  evts
Tot Backg.: 146 evts
νe Backg.: 70 evts
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FNAL-HS  1290 km
sin22θij (12,23,13) = 0.86/1.0/0.04
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

1 MW, 0.5 MT, 5e7 sec

CP 135o: 1711 evts
CP 45o: 1543  evts
CP -45o: 1114  evts

Tot Backg.: 566 evts
νe Backg.: 272 evts

Anti-νe APPEARANCE
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BNL-HS  2540 km
sin22θij (12,23,13) = 0.86/1.0/0.04
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

2 MW, 0.5 MT, 5e7 sec

CP -45o: 422 evts

CP 45o: 357  evts

CP 135o: 263 evts

Tot Backg.: 151 evts

anti-νe Backg.: 82 evts

Bck and sig. including wrong-sign

Anti-νe APPEARANCE
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in FNAL-HS  1290 km

sin22θij (12,23,13) = 0.86/1.0/0.04
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

2 MW, 0.5 MT, 5e7 sec, anti-nu

CP -45o: 1349 evts
CP 45o: 1097  evts
CP 135o: 991 evts
Tot Backg.: 616 evts
anti-νe Backg.: 344 evts
Bck and sig. including wrong-sign
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ced »Â¼ àEÖÇ¿â�´v,s{yo��s%mk��y2prvbp�ikv�vR@t�.v{s%p�v=7�v{��v%s%p�j�lkd\dkv%mqprjscedkl�yod�7~yhdxpcY5*dkv{mtprjmcndklli#��v%s%prj�y9i�iklZ�jd
ced�¸�c|nEmkj�vË¨-0çÐ�0ªh�iqv6i�vTi��.v{s%p�jryz��v%j�v�s{yo��s%mk��y�p�v=7U��lEj�prikv~�&yoj�you�v%prv%jmi�ced�7fc�s¤y2prv=7Ñcnd�priqv
Ø&nEmqj�v6i���lEj·p�ikv�j�v%nEmk��y�j�u�yhisi�lEj$7qv{jmcndkn���n�¦�¢A0&¸&lEj·prikv�j#v%�Ev%jmi#v=7�uwyhisi�loj$7kv%jmcedqn~�Ü��¦�¢�priqv
yhdxpcH5tdkv%mqprjscedkl:�¢dkv{mqp�jmcndkl¬¢ui��.v{s*prj#mku©�jc������¢dklop(¢�ikyZ�ov�priqvw��yoj�nEv�uwy�p�p�v{j�v6dqi&yhdks%v{u�v6dxp�y2p
i�c|nEikv{j�v2dkv{j#nkc�v2i=0�h�ikvp7kv%��v2d�7kv2dks{v�l���prikv�prl�p(yo��v%�ov6dxp�j�y�prv,lkd�p�ikv�2·°ª�kikyhi�v��&yojry�uwv*prv{j
cei·p�ikvriryou�v���lEj�n�¦<yhd�7~��¦¬ced�v6cprikv%j�j�m�dfd�cedkn�u�l;7qv/0

X ý�þ ���o���YU²N;M�� NlU0U²O�� ^`NlP X ^ ��NlW G��JO V O�W �YGW��NW¹�
¨ui��kyoj#p�lo��prikv�¨b° � iÁprm�7t�E��prikv�kix�<imc|s6i\i#v6d�isc|pc�<c|p®�Nlo��y dkv%�À�.v¤you��ecndkv�yhc�u�v=7N��j�lEu
¸&v{j#uRc|��yo��p�l�ß�lEu�v6i#pryh�ov�i&yoi��.v{v2dDcnd¬�ov6iÁpc�nEy�prv�7�0´h�iqv�dkv*� �.v¤you��ecndkvb�´lEmk��7~mqpmc��ec|ã{v��.lop�i

¾ à



D
R

A
FT

¼ �oD�Ý�v%ÆTyod�7 ¾ Ý�v%Æ �kj#loprlhd�i���j�lEuHy��kj�lop�lkdX7kjmc�Ev%jOs¤yo�&y��k��v·l��¦i#mk�k�k��#cndkn����~¯ y2p¡��lop�i
v6dqv{j�nhc�v6i¥�Üy�prlopryo��lo��Ð��~¯ ¢R0�h�ikv��.v¤y�uw�ncedkvb�´lEmk�(7��.v{j#uRcp��.lop�i�lkd�yhd�7�l�£<5®y?@#cei���v{you�i
prl��.v�nEv6dkv%jry�p�v=7DcedËlEj$7qv{j�prl�lE�qpmc�uwyo�����s{lZ�Ev%j�p�ikv�v6dkv%j�no�Ëj#v{nkc|lkdËlo�Wp�ikv�Ø&jmiÁp�yod�7Di#v{s%lkd�7
lki#s6c��|��y�pmc�lkdbu�y?@#c|u�y)0�¸(c�nEmkj#v¡¨�0îÖLi�iqlÇ�ji�y©i�s(iqv{uwy�pc|síc(7kv¤y���lEj�prikv¶��v{you��ecedqvW7kv6isc�nkd�0Wh�ikv{j#v
�´lEmk��7��.v�p®��l8dkv{yoj���g�&y�jryo�|��v{��p(y�j�nEv*p>�2��lÈs{m�i�i#p(y2pc�lhd�i{�tlkdkv���lEj ¼ ��D�Ý�v*ÆR�qj�lop�lkd�i�yhd)7~lhdkv
��lEj ¾ Ý�v%Æ �kj�lop�lkd�i�0¥�×�´dklop�i�cedkn�v{�ei#vo��p�ikv�p®��l�iÁp(y�pmc�lkd�i��jc����Þuwyh�ovlcp��.lkimisc��k�|v�prl�ikyhd�7k�|v
priqv�Ð��~¯ lo�Ly¤�ov{jry�nEvb�kj#loprlhd��.lÇ�´v{j�0¡ß�lZ�´v%�Ev%j{��cp¡�jc����kyo�ei#l��.v{j#uRcp�7�c|£�v{j#v6dxp��.v¤y�u ��lÈs{mfi
s{lhd�7�c|pmc�lkdfi���loj�p�ikvwp®�´l��kj#loprlhd�v6dqv{j�nhc�v6i¥y�p,prikvRiryou�v�pmc�u�v/0�h�ikv*7kv{s{y¤��j#v{nkc|lkd:�jc|�����.v
�jc�7qv{j��kmqpYi#iklEj#p�v{j�pri&yhd���lEj�p�ikv¹}�m�������v{you��ecedqv/0�n�lEmknEik��E��prikv-7kv{s{y¤��j#v{nkc|lkd��jc|������v�Ð
u �jc�7qv�yhd�7~p(yo�|��y�p�prikv�mk��i#p�j�v{youÄv6d�7yod�7 ¾ uÄpryo���L�x� ¼ D�uÄ�jc(7kv�y�p�p�ikv�7qlÇ�jdfi#prj#v¤you
v6d)7�0Oh�ikvbvA@Èprjry¥�jc(7qpri�y�p�p�ikvbmq��i#p�j�v¤y�u v2d�7acei´lo�.i#��v%s6c�y��Ëc|uw�.lEj#pryhdks%v�p�l�p�ikv�yos%s{v%�qp(yhdqs{v
lo�â��lZ��v%j¡v6dkv%j�no����c|lkd�iO��i�c�s(i�yoj�v�j#v6i��.lkd�isc��k�|v���lEj¡�kj�l|7kmks2cedknrdkv%mqprjscedklki¡�jc|p�iwv2dkv{j#nkc�v2i¡��v6isi
prikyhd�y�Ý�v%Æ�0�h�iqvj��u×7�c�youwv*prv%jWlo�qprikv�}�m������.v¤you��ecndkv²cei�yos%p�m&yo�|�|��y��ec�u�c|pmcedkn·yo��v%j#p�mkj�v´lkd
priqv��kj�l|7kmks*pc�lhd�lo�Ýi�mks(iRdkv{mtprjmcndklki�0�±�mkv·p�l�prikv·��lÈs{m�iOlhd¹j�v{��y�pc�Ev%�|�,��lZ��v6dkv%j�no�;dkv{mqp�jmcndklki{�
priqv���v6dqnopriËlo�Þprikv>7kv%s¤y¤��j#v{nkc|lkd��jc�������v�lhdk�|�\�EÖoD�u~�kjry�p�ikv{j·p�i&yhd�àoDED�u7��loj�}�m�����0

¸�c�nomkj�vw¨�0 � i#iklZ�ji¹prikv�i��.v{s*prj#mku lo�©dkv%mqprjscedklv*�Ev6dxpmi���i�c|s(iU��lEmq��7���v�lo��i�v%j#�Ev�7�y2p
ß�louwv2i#p(yo�ovg�jc|p�i dklzlki#s6c��|��y�pmc�lkdfi=0�h�iqv��k��yos��:�ecndkv i#iklZ�ji�p�ikvgv2d¬�ov{�|lE��v�l��by�����dqv{mqp�jmcedql
v%�ov6dxpi¶��i�c��|v�priqv���yojsc�lEm�i�s{lE�|lEj�v�7��ncedkv2i²i�iklZ�Ïp�ikvjced�7fc|�<c�7kmkyo�qs%lkdxprjmc|�kmqpmc�lkd�iW��j�lEu 7fc|£�v{j�v2dxp
�kj#loprlkdCv6dqv{j�nhc�v6i,yhd)7!yhc|uRcndkngs{lhd�7�c|pmc�lkdfi=0�h�ikv��.v¤you�iri�iklZ�jd:ikv{j#vw�´v{j�vwyos*prm&yo�|�|��priklki#v
s¤y���s{mq��y�p�v=74��u�v¤yoi�mkj#v=7���lEj·p�ikv�}�m&���·yhd)7���ced�cH5�Ù�lÈlx}b�U�.v¤you��ecndkv6i%�#i#l8cedg�³yos*p�prikv%j�v�u�y¤�
�.v�prv2d�i�lo���.v{j#s{v6dxp�s%lEj�j#v{s*pc�lhd�i·s{louw�&y�j�v=7�prl�p�ikv6i#vo�&m;@tv6i�0¶ß�lZ��v*�Ev%j{�k��j�lou²p�i�ceiíc|pícei��.lki65
imc|�k��v�prl¹vA@tp�jryos*p�yo����priqv�v6isi�v6dxpmc�yo�â��v{y�prmqj�v6i�yod�7�nElÈl;7gv2i#pmc�uwy�prv�lo��prikv��kix�<imc|s6iji�v2d�imcpc�#cp®��0

h�ikv0i�v2d�imcpc|�<cp®�bprl�u�v¤yhi#mkj�v%uwv2dxpiL�&yhi#v=7�lkd�§2µLyo�q��v{yojryhdqs{v�7kv{�.v6d)7�i�lkd,p�ikv���v¤y2prmkj#v6i�lo�
�.lopri¹priqv��.v¤y�u]yhd�7¹priqvP7qv%prv%s%p�lEj=0�h·�´l�7fc|£�v{j�v2dxp�7kv%p�v{s%p�lEj¡uwl|7kv%�ei���i�c|s(iRi#iklEmk�(7�j#lEmknEiq�|�
�.lEm�d�7priqv�i#v6d�isc|pmc|�<c|p®��lo�·yg��mk�|�|��j�v{yo�ecni#pc|s�7kv*prv%s%prloj,ikyZ�ovw�.v{v2d:mfi�v=7äcedpriqv�s{yo��s%mk��y2pc�lhd�0
h�ikvgØ&jsi#p�u�l;7qv{��cni¥prlzyoimi�mquwvËyCÖoDEDØ�¬h �·y2prv{j�2�v%j�v2d��olZ�ú7kv*prv{s*prlEj��jcpri��.v{j#��loj�uwyhdks{v
c�7qv6dxpc|s¤yo�xprl�pri&y2p�s{mqj�j�v2dxpr�|�,�.lkimisc��k�|v¶��j#lEu � mk�.v{j65�l�you�c�lk�2yhd�7qv/0¶�Ü°Wyojry�uwv*prv{jsc�ã%v=7�j#v6i��.lkd�i#v
��m�dks*pc|lkd�i���j�lEuÄy�s%prmkyo� � mk�.v{j�5mlHu�v¤yhi#mkj�v�7��.v{j#��loj�uwyhdks{v��´v{j#v�m�i�v�7�0î¢~¸&lEj�prifcei"7kv%p�v{s*prlEj%�
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priky�p¡i&y¤�Ev���v%v�ç�7kv%�ov{�|lE��v�7wlZ�ov{j¡prikv���yvê#pOs%lEmk�k�|v�l����ov¤yoj�ê=0�h�ikv�j�v'ê�mk�p6è¼çkn��kj�lonEj�v'ê9ê¡l�ç�s{l�êÁp
j�v�7kmks*p6è�laçñè¼ê�ê�iklZ��çñèëçËhWyo�k��v�¨-0 ¼ 0

h�ikv,�kj�v'ê�v�çxp�}�v%mqprj�èëçkl�¸�yos*prlEjÁ�
7kv'ê9è�naç~s%l�ç�ê�èëê#p9ê�lo�Wp�ikv���lE���|lZ��èëçkn�ê�mk��êÁ�ºê#prv%udê'O
ò ¥�¯8©e¯�°®ó¸¥v·{ôk¨S¥ºõ °Oj�lZ�ºè�7kv'ê ¼ 5®Ð��~¯ lo���qj�lop�l�ç�ê�l�ç~y¹��è�l�çË�kj#l;7qmks%p9è�l�çgpryoj�nEv*pG0
£=¤¦¥;§8¨+©pö=÷X¤¦ø/©�³?¥�¨Ã¤Þ°/ù�ó¸¨º´�¤+ú8õ ¨<i�è|nEi;5®�.lZ��v%j�p(yoj#nEv%p�ê�è|p6ê���è|p�i�èëç~y í D�hûê�mk�.v{j#s{l�ç|5

7kmqs%p6è¼çknìê#lE��v'çkl�è�7â�.��i�è|s(is¤yo�tprmkj#v�êbp�ikv���è|l�ç�ê=0bh�ikv¹i�è�noi�u�y�n�çkv%p9è�s�Ø&v{�(7Ãê�u�lÈloprik��
7kv%s{j#v¤yaê#v�ê¹prl ¼ 0îàEÖ�h 7klZ��ç�ê#p�j�v{you_lo��priqvgp(yoj#nEv%p{�¶uwy�p�s(i�èëçknpèëçxprlzy��|l�çkn!ê#lE��v'çkl�è�7
7kv%s¤y¤�Ës(i&yaç¦çkv{�0

ü ³/°]´;ý/·�°?§¸¤Þ°/ù ò ý/¤�¹�¨d¶þ¯8©e¤¦©�·M¯�°�õ h�ikv�u�mql�ç�êW��j#lEuÎprikvu7qv{s¤y¤�ºèëçqn���è�l�ç¦ê�yoj#v·�km�çks(iqv=7
m�ê�èëçkn�ypêÁ�ºê#prv%u l��·j#�·s¤y¤�ºè|p6è|v�ê���è|p�i:��j#v{«¬mkv�çqs�è�v'ê�p�i&y�p���yoj#�Cyo�|l�çknËprikv�s(i&yaç¦çkv{�0�¨
ê#v{s{laç�7éê�v{j�è�v'ê�lo�¡j#�¡s{y¤�Ièp6è|v�êb��èpri�i�è|nEikv%jbnEj�y/7�è�v'çxp6êoè¼êbm�ê#v=7prl�j�lopry�prv,prikv��.v¤y�uZè¼ç
�|l�çkn�èprm�7�è¼ç&yo���ki&yvê�vR5uê��&y�s{vo�&j#v=7kmqs�èëçqn�p�ikv�v�çkv%j�no�ìê��kj#v¤y/7~lo�Þprikv�u�mklaç�ê=0

÷�¯Á¯kÿB·�°?§?õ ¨ ê#lE��v'çkl�è�7 ��lts%m�ê9è¼çknªs(i&yaç�çqv{����è|p�iÎi�è�nEi|5®nEj�y/7�è�v'çxp í D ¼ ��ß�ã�j#�ws¤y¤�ºè|p9è�v�ê
yaç)7Nv'è|p�ikv{j��¼è�«¬m�è(7;5®ix�|7kj�lonEv�ç:lEj�Ú�è�ß7y���ê�lEj#��v%j9ê)è¼ê�m�ê�v�7Np�lj�v�7kmks{v�p�ikvgprj�yaç�ê#�ov{j�ê�v
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¸ � í ��îE��¢ ¼Z¾EÃ�í ¼ Ö ÃE¾
¸ � í y��o¸ � í D)0 � à D)0 � D

7qô0ÿÇøîê¡ë¡ìîí*ï¦ð�ö'�·û2ô0é	åîõÜö*òbö � óÜú2ê¶ê#õ³óÜå:��ô(ó	ê��s½èÇò2øçö{ô��Zê9�;tLü�ö{õ�óWö � óÜúÇê¶ûÇéÜê#ñ¤åçö%è2õLý�ê#èZóÜé	åçò2ö�ä2ô%ü®óÜö%é���ÿ2ô*õÜêÁøîåîòÇê
�Zê�õ³åîæ*ò � é	ö����Üä2ê#ô%õ³åîÿÇåîøçåçóM� N ó	è;�
�J���?sä N �'t&ùLåçóÜú�ó	úÇêWê�õ�ó	åw��ô0óÜê���ü�ö%õ³ó � ö%é.ó	úÇêÞèÇû��Çô0óÜê��¡�Zê#õÜåîæ*ò�sä N �*ô't�ì�7�ú2ê
	2é×õ�ó�üÁö*øîè��·òbõÜúÇö(ù�õ�óÜúÇê�ó	ö0ó	ô*ø � ô*üÁåçøîåÓóM��ü�ö%õ³ó � ô*ò;��óÜúÇê¡õÜê#üÁö*ò;��ü�ö*øîè��·ò�óÜúÇêOåîò2ü�é	ê��·ê#ò%ó×ô0øxü�ö{õ�óLå � ó	úÇê1H�é	ö0ó	ö*ò�WéÜåîñ*ê#é�ô*ò;�o7tô*éÜæ%ê�ó�zÞô0øîøÈô*øçé	ê#ô'�
��ê�÷Zåáõ�ó � ö*é�ô·ýÞêÁèZó	éÜåîòÇö N èÇûoêÁé	ÿ�ê�ôU��ì

¸�}�¨�Ú�� ¾ Ý�v*Æ�¢ � } �
°��Ç�tj ¼�_w� Ñ ¼ D	�
� �¦_ à�Ñ ¼ D	�
�

±�¨Kn §��Ü§��	�¢ ¼ 0áÖ D)0 ¼ZÃ
±�¨Kn §â�	§��v���o¢ à _çÃ Ñ ¼ D	�
� íI_îº Ñ ¼ D	�
�

7qô0ÿÇøîê´ë¶ì �ÇïºH�é	ö0ó	ö*ò�åîò%ó	êÁò2õÜåçóM��ô(óOäqýWë/ygô0òv� N ý N ìS7�úÇê�ò{è;�¶ÿoêÁé×õ�ô*éÜê¶ó	ô�}*êÁò � éÜö'���Lê � ì��çí������ � ô%õÜõÜè��·åîòÇæG�2îí����¥í�|���õm�6�¤é�ö*ûoêÁé×ô(ó	åçö%ò¬ì
�qi&yaê�vA5mê#�&yos{v�lts%s{mk��è|v=7��¬��p�ikv��.v¤you��ªh�ikv�u�mkl�ç�ê���laê�vo���¬�a7&����7|@��|l�ê9ê#v�ê%����lop�i
�|l�çkn�èprm�7¦èëç&yo�H5,yaç�7�prjryvç�ê#�ov{j9ê#vR5×uwlEu�v�çxp�mku yaê�priqv%���&yaê9êwprikj#lEmknEi�p�ikv�y���ê�lEj#��v%j9ê��
h�iqv��|l�çkn�èprm�7�è¼ç&yo��u�lEuwv'çxprmku èëê�j#v{�k��yos{v�7~�x�Ëj#vR5�y�s{s{v%��v%jry�p9è�l�çìè¼ç�prikv�jÁ��s¤y¤�ºè|p9è�v'ê �

! ´+´�¨ºÿM¨S¥;¤I©�·B¯k°�õ h�ikv�s%v�çxprj�yo�·u�lEu�v�çxprmkuÛlo��p�ikv�u�mklaç�ê¥v#"¦èp6è¼çkn�priqvgs{lÈlE�ëè¼çkn�s(ikyaç�çkv%�
è¼ê í�í Dg��v*Æ$��s%��¨ ê#mk��v%j�s%l�ç�&kmks*p6è¼çkng�ëè¼ç&yos���è|p�iFê#lE��v'çkl�è'&Ë��lÈs{m�ê�èëçkndèëêbm¦ê�v &�p�l�j�yaèëê#v
p�ikv�v�çkv%j�no�¥prl ¼ �îÖ�Ý�v*Æ(�Eh�ikv%j�v{y�� prv%j{�Èy�n�v%s�è�j#s{mk��y�p6è¼çkn�Ú�è¼çkv¤yoj�¨bs{s%v{�|v{jry2prlEj�j�yaèëê#v�ê�p�ikv
v'çkv{j#no��p�lzÖÝ�v%Æ��Wyaç�&�y��&yaè�j�lo��¸ è)"qv�&+*�¸]è�v{�,&:¨��|p�v{j9çky�p6è¼çkn�Ý�jry%&�è�v'ç¬p�j9è¼çkn�ê�m�ê9è¼çkn
«¬m&y%&kj�mk�.lE�|v�prj9è|�k��v*p·��lÈs{m�ê�èëçkn�yos%s{v%��v{j�y�prv�p�ikv���v{you7p�l í D�Ý�v*Æ(�

±�©
¯8¥�¤�§8¨$¶¸·B°?§/õ ¨ s{louw�&y�s%p�j�yos{v*prj�yos�-:nov{lEu�v%p�j#�:j9èëçqnFèëê�m�ê�v�& èëç���i�è|s(i Ã Ö��elo��p�ikv
u¥mkl�ç�ê.&kv%s¤y¤�Åèëçgp�ikv�çkv{mqp�j9è¼çkl¹��v{you/*×��lEj#udè¼çknXêÁprjryvè�nEixp�ê#v{s%p9è�l�ç0�

X 1�2 354 ÆJ�¡Ç �7698 4 �:6 � 4 c;6��½���Ã� �¸��c!�½Æ 4
� iklomk�'&,prikv·�pèëç�è�Ù�lÈlx}b��v#"t��v%j9è�u�v�çxp�y�p�¸&v%j�u�è�Ú�yo�,s{l�çqØkj�u prikv·Ú � }b±$ê�è�n�ç&y��	�;çkv%��v#"q�.v{j<*
è�u�v�çxp9ê���è����q��v�j�v%«Èm¦è�j�v�&�p�l�m¦ç�&kv{j�ê#pryaç�&wp�ikv�m�ç�&kv%j��|�ºè¼çkn�uwv%s(i&yaç�è¼ê�u lo��prikv'ê�v�l�ê�s'è��|��y�p9è�l�ç�ê��
}�v*� uwl�&kv%�ëê1èëçqs{��m=&kv�ê#prv%j9è|��v�çkv{mtprj9è¼çkl�ê » Ã Ðo¿Ü��>·° »Â¼Zº Ðo¿.lEj�>·°Oh »Â¼Zº Ö2¿��ºè�lE��y�p6è|l�ç��oyaç�&�l�prikv%j
�.l�ê9ê�è���è|�ëè|p9è�v'ê � � v*�Ev{j�yo�¡p®�t�.v�ê�lo�·u�v¤yvê�mkj#v{u�v�çxp�yoj�v���laê9ê9è|�k��v¹��èpri:yñêÁprlE�k�.v &���è�l�ç?��u�mkl�ç
ê�lomkj�s%v���i¦è�s(i~s{lEmk�,&gprv{yaê�v,lEmqp�p�ikv�s{l�çxp�j9è��qmqp6è|l�ç�ê�p�l�p�ikv�ê#v���yoj�nov�Ì¹Í@�bl�ê#s�è��|��y�p9è�l�ç¦ê �

h�ikvg�kj#v{s'èëê9è|l�ç�v#"t��v%j9è�u�v�çxp9ê¥j�v%«¬m�è�j#v &�p�l�lE��ê#v{j#�ov�priqvìçkv%� �qi¬�ºê�è�s�ê/&qv�ê�s%j9è|��v�&Uyo�.lÇ�ov
j�v%«¬m�è�j#v�yaç�èëçxprv'ç�ê�v�yaç=&��´v{�|�ks(i&yoj�yos%p�v{j�è�ã{v�&dê#lEmkj#s{v�lo��çkv{mtprj9è¼çkl�ê���}�v%mqprj�èëçklaê���j�lEuÎê#p�lE�k�.v &
��è|l�çA&kv%s¤y¤�,��lEj�uCB#m�êÁp�ê�mqs(i�yoê�lEmqj�s{v��xi&y¤�ºèëçkn���v%����&kv%ØÞçqv &)�&m+"��Ev'çkv{j#no�Xê#��v%s%p�j�mku~�Eyaç=&���lZ�
�&yos�-¬nEj#lEm�ç�&¦ê � � mks(iCyþê#lEmkj#s{vè¼êbs{mqj�j�v'çxp���v'èëçknw�km�è��p�y2pbpriqv � �&yo�|��y�p9è�l�ç~}�v{mqp�j�l�ç � lEmkj�s%v
� � } � ¢�y�pw¦-n�}bÚ »½¼Zº à2¿D���×p���è|���´i&y¤�Ev~y ¼ �çÐC�~¯Î� ¼ � Ã Ý�v%Æ��1ê#iklEjÁpE&kmqp®��*×�³yos*prlEj¹�qj�lop�l�ç
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äqåçæ%èÇé	ê�ë¶ì F2ïS7�úÇêLòÇê#èZóÜé	åçò2öWó	åw�·êÞô*ò;�´êÁòÇê#éÜæ'�¶õ³ûoê#ü�óÜé×ô�ö � ó	úÇê?�ZåHGoê#éÜê#ò{ó�òÇêÁèZó	éÜåîòÇöOõÜû�ê�ü�åîê#õ&ûÇé	ö
�Zè2üÁê��´åîõÜö0ó	éÜö%û
>åáüÁô0øîø:� � éÜö'�Nô·õ�ó	ö*ûÇûoê���ûÇåîö*òa�¿�¶èÇö%òbõÜö*è2é	üÁê*ì

�.v¤you���i�è|s(i���è��|�Þ�.v���mq���|�gs{lEu�udè¼ê9ê�è�l�çkv�&��x� í DED ¾ ��h�ikv í �~¯Î� ¾ Ý�v*Æ���¸�}�¨bÚU°Oj�lop�l�ç
±�j9è�Ev%j¥s{lomk�'&Uy��ëê�l���vwm�ê�v�&�yvê¹yaçUv%�ov�ç�u�lEj�vw��lZ�´v{j#��mq�=ê�lomkj�s%vglo�Jê#p�lE�k�.v &U��è|l�ç�ê »Â¼Zº�� ¿D�
h�ikv'ê�v�p®��lÅê�lomkj�s%v�ê,yoj�v¹s%lEu��&yoj�v�&éèëçhWyo�k��v¥¨A� í ��i¦è�s(iéê�iklZ��ê�pri&y2p�yË°¡j#loprlaçz±�j9è|�ov{j�y2p
¸�}�¨�Úg��lomk�'&¹�kj#lZ�Iè,&kv í �áÖ�p9è�u�v�êÞprikv�çqv{mqp�j9èëçqlbjry2prv·lo�.y¡ê�lEmkj#s{v�y�pWprikv � } � �oÙ�v�ê�è'&kv'ê��.v¤you
�.lÇ�´v{j%�qpriqv�°Oj�lop�l�ç�±�j9è�Ev%j´�´lEmk�'&�i&y¤�Ev�priqvKê9è|n�ç�è|Øks¤yaçxp�y	&q��yaçxp(yonovblo�Þy¥pryoj�nEv*p�p�i&y�p·s%lEmk�,&
�.v,lo�qp6è|udè¼ê�v &w��lEj�çkv{mtprj9è¼çkl¹�kj#l+&kmqs%p6è|l�ç�jry2prikv%j·pri&yaçñçkv%mqprj#l�ç�ê��&m+"I�

�mçÏyJ&kv{s{y¤��y2pwj#v�êÁpþê#lEmkj�s%v~p�ikv~��è�l�ç¦êwy�j�vË�kj�l�&kmks%v &��¬��j#m�ç�ç�è¼çknprikv~�kj#loprl�çN�.v¤you
èëçxp�l�yË�ëè|nEixp�p(yoj#nEv%pqê�mqs(iUyaê,��v%j#�È���¼è�mkuÅlEj�s¤yoj#��l�ç:yaç�&Cprikv'ç�êÁprlE�k�¦èëçknËprikv%uÈèëç:y�ikv{y¤�È�
yo��ê#lEj��.v{j��³v%�çn=�g��v{y	&:loj�p�m�çkn�êÁprv'ç�¢���h�ikvK&klEu�èëçky�prv/&kv%s¤y¤� ê�s(ikv%uwvw�kj�l�&kmks'èëçknÅçkv%mqprj�èëçklaê
��j�lou y)ê#p�lE�k�.v &~��è�l�ç¸ê#lEmkj#s{vqèëê

CMLp� NML�§ZÉ=O PRQ ía�.SMTVU j �³¨7� ¼ ¢
��lE�|��lZ��v�&��x�

NMLñ� U L�W§ÇÉo§2µ�O PXQ íº_ í N TVU j _ �³¨7� í ¢
h�ikv�çkv{mtprj9è¼çkl�êÞ��j�lEuÎê#p�lE�k�.v &)CZY?E�ê¡yoj�v�i�è�nEiq�|�qê�mk�q�kj�v'ê9ê�v�&w�.v{s{yom�ê#v�p�ikv�çkv%nxy�p9è|�Ev��¦è�l�ç�ê

yoj#v�yo�|uwl�êÁp�s{lEu��k��v*prv%�|�Ëyo�¦ê�lEj#��v�&Ãèëç~prikv�ê�mkj#j�lEm�ç=&�èëçknwu�y2prv{j�è�yo��yvç�&Ãçklop�n�è�Ev�ç�y�s(i&yaçks%v
prl[&qv{s¤y¤�	�O¸ è�nomkj�v´¨A� ¾ ê�iklZ��êOprikv�çqv{mqp�j9èëçqlKê��.v{s*prjry�yaç=&�p9è�u�èëçkn��k�|lop6êÞ��j�lEuRyKê#p�lE�k�.v &���è�laç
ê�lomkj�s%v�y�p�prikv � } � �.¨¡êoê#iklZ��ç!èëçËprikv�j9è�noi¬p�i&yvç�&��k�|lop¤�&p�ikv¹§ZÉwv'çkv{j#no�ñèëê�uwlaçkltv'çkv{j#nEv%p9è�s
�]\.^
_[Q íoº¦_ç¾ ��v%Æ�¢*�E��i�è|��v´p�ikv/W§a`�bgyvç�&w§2µ�i&y¤�ovc-SçklZ��ç��pè�s(iqv{��&kv%s¤y¤�/&�è¼ê#p�j9è��qmqp6è|l�ç�ê{�2��è|p�i
yaç!v'ç�&U�.l�èëçxp�v�çkv%j�no��lo��Ö í � ¾ ��v*Æ(�Wh�ikvg��v*� p�i&yvç�&!�k�|lopXê#iklZ��ê�prikv � } � �.v¤you©p9è�u�èëçkn
��p�ikv¹p6è|udè¼çkngy�p,yË¸�}�¨�Ú�°¡j#loprlaç:±�j�è|�ov{j��´lEmk�'&z�.v�ê9è�u�è���yoj(¢�yaç=&Cp�ikv¹p6è�u�vA&¦èëê#p�j9è|�kmqp6è|l�ç�ê
��lEjbp�ikv�priqj�v{v�çkv%mqprj�èëçkl¸ê#��v%s�è|v�ê �¥h�ikv)ê�ikloj#p$&kmqp®���³yos%p�lEj�v�çkyo�k��v'ê�yìê9è|uw�k�|v�p9è�u�èëçkndê�v{�|v{s#*
p6è|l�ç�lo�Ôçkv%mqprj�èëçklgv*�Ev'ç¬p9ê¥y2� prv{j�p�ikv¹�.v¤you���¨ �³yvè�j���Ë�kmkj#v�§a`�b ê�youw�q��vo����è|prilaçk�|��y ¼ ÐS�
s{laç¬pryou�èëç&y�p9è�l�çwlo�Wv¤yos(iñçkv{mtprj9è¼çkl¹p®�È��vdW§a`�b�yvç�&�§2µ�s¤yvç��.v�yos(i�è|v%�Ev�&Fè¼çgpri�è¼ê·�·y¤�e�

h�ikv � } � lojw¸�}�¨�Ú0*®°¶±Dê#p�lE�k�.v &��¦è�l�ç��2u�mkl�ç ê�lomkj�s%v���è��|�·�kj#lÇ�ºè,&kv��Ev{jÁ��i¦è�nEi �Üyvç�&
�kj#v{s�è¼ê�v%�|�f-SçklZ��ç�¢K�&m+"tv�ê,lo�=çkv{mqp�j9è¼çkl�ê���j�lou C L yaç�&gN L &kv{s{yZ�Cy2p�j#v�êÁp,��èpri:yg�Ev{jÁ�C��lZ�
&kmqp®���³yos*prlEj¡��lEj¡s{laê�u�è�s�*×jry¤��ê�mq�k�kj�v'ê9ê�è�l�çh��¸�mqj#priqv{j�u�lEj#vo�xprikv�l�ê�s'è��|��y�p9è�l�çê�è�n�çkyo�ëê¶yoj#v�v{yaê9è|�|�
è'&qv�çxp6èØ�yo�k�|v���è|p�iN�´v{�|�i*
-SçklZ��ç�s{j#l�ê9ê�ê�v%s%p9è�l�ç�ê%�·yaç=&Np�ikv��kyos�-¬nEj�lEm¦ç�&�êwyoj�vË«¬m�è|p�vË��lZ���Ôê#l
priky�pwyaç�Ú � }�±Dê�è�n�çkyo��y�pKj _çÃ v*Æk�Z�¶��lEj�v�"qyou��k��v��¡�´lEmk�,&�ikyZ�ov�yéê9è|n�ç&yo��p�l:�kyos�-¬nEj�lEm¦ç�&
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ê�v{yoj�s(iË��lEj�êÁprv{j�è��|vKçkv{mtprj9è¼çkl�ê·�ºè�y¥p�ikv�çkv{mtprjry��i*®s%mkj�j#v�çxp�j#v¤yos*p6è�laç�§Vm Ê ��n � §am Ê �#npoÇ� ¼ Ö _|¼o¼ ¢��
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